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NEW NAME FOR HANDBOOK SERIES 


This Mid-October Product Engineering e Combined editorial subject index to 
carries the new title "Product Design Digest Issue" the 1955 and 1956 Handbook Issues Page 8 
and is designated Number 5. This designation is e Product classification index to all 
assigned because in every aspect, except the title, products advertised in this issue 
this volume is a continuation of our series of Product Alphabetical index to advertisers 
Design Handbook issues. The word Digest, in place 
of Handbook, is adopted since it more nearly de- 
nature of the editorial content of the 
previous and present issues. 

In compiling the present volume as in the com- 
pilation of the Handbooks, the editors have drawn 


issue of 


Page 12 
Page 16 
Trade name listings of products ad- 

vertised in this issue Page 19 


scribes the the advertisements 


The 
are a valuable supplement to the editorial material 


information and data in 


In many instances, detailed data covering new pro 


ducts appear in these advertisements for the first 
time. All the 
additional 


cards are provided through which you can 


article material from a large array of the world’s anxious to 


advertisers are give you 
best technical publications and papers of engineer- 


The 
operation of these publications and that of the many 


information. For your convenience, post 


ing societies and associations generous co request 


additional information from advertisers 
authors whose articles or papers are included are 
gratefully acknowledged by the editors. 

The desirable index features of the previous vol 
umes are also continued and include the following 
10 editorial 


index of 


Index to the 
Detailed 
Detailed 

by subject 


sections Page 1 


article titles Page 4 


index of editorial content 


Page 6 


Sources of Editorial Material 


Editorial material for this Product Design Digest Issue, other than that CORROSION 
National Ass 


taken from Product Engineering, was gathered from a wide assortment i 

" . . * . . . ry . ngineers 
of publications and technical society and association papers. While not M & M Building. H 
every publication or technical society listed below is represented in this 


current issue, each helped considerably in providing a background of DROP FORGING TOPICS 


engineering trends and developments in their fields. Drop Forging Associatiot 
05 Hanna Building 


Cleveland 15, Ohio 


TECHNICAL PUBLICATIONS ELECTRICAL ENGINEERING 
American Institute of Electrical Engineers 

ADVANCED MANAGEMENT 00 Fifth Avenue, New York 36, N. ¥ 

Society for Advancement of Management 

74 Fifth Avenue 

New York 16, New York 


JOURNAL OF APPLIED MECHANICS 
American Society of Mechanical Engineers 
‘> West 39th Street 
New York 18, New York 


JOURNAL OF THE ELE¢ 

CHEMICAL SOCIETY 
Electrochemical Society 
16 West 102 Street 
New York New York 


ГКО 


AERO DIGEST 
1143 National Press Bldg 


IOURNAL OF APPLIED PHYSICS 
American Institute of Physics 


Washington 4, D. C 


AERONAUTK 
REVIEW 

Institute of the Aeronautical Sciences 

East 64 Street, New York 21, N. Y 


AL ENGINEERING 


ALLIS-CHALMERS ELECTRICAI 
REVIEW 
Allis-Chalmers Mfg. Co 
Milwaukee 1, Wisconsin 


APPLICATIONS AND INDUSTRY 
American Institute of Electrical Engineers 
500 Fifth Ave., New York 36, N. Y 


57 East 55 Street 


New York 22, New York 


ASTM BULLETIN 
American 
916 Race Street 


Society for Testing Materials 


Philadelphia Pa 


BELL LABORATORIES RECORD 
Bell Telephone Laboratories 
163 West Street, New York 14, N. Y 

COMMUNICATION AND 

ELECTRONICS 
American Institute of Electrical Engineers 
500 Fifth Ave., New York 36, N. Y 


FASTENERS 
Industrial Fasteners Institute 
1517 Terminal Tower 
( leveland 13 Ohio 

GENERAL ELECTRIC 
General Electric Co 

New 


REVIEW 


Schenectady 5, York 
GENERAI 
IOURNAL 
General Motors Technical Center 
P. O. Box 177, North End Station 


Detroit 2, Michigan 


MOTORS ENGINEERING 
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GRAY IRON NEWS 
Gray Iron Founders' Society 
210 National City, E. 6th Building 
Cleveland 14, Ohio 


JOURNAL OF THE INSTRUMENT 
SOCIETY OF AMERICA 

Instrument Society of America 

313 Sixth Avenue 

Pittsburgh 22, Pa. 


INSTRUMENTATION 
Minneapolis-Honeywell Regulator Co. 
Wayne and Windrim Avenues 


Philadelphia 44, Pa 


IRON & STEEL ENGINEER 
Association of Iron and Steel Engineers 
1010 Empire Bldg 
Pittsburgh 22, Pa 


LUBRICATION ENGINEERING 
American Society of Lubrication 
Engineers 
34 East Randolph Street 
Chicago 1, Illinois 


METALWORKING PRODUCTION 
McGraw-Hill Publishing Co., Ltd 
95 Farringdon Street 

C. 4, England 


THE MAGAZINI 
Brook & Perkins 
1950 West Fort Street 
Detroit 16, Michigan 


OF MAGNESIUM 


MECHANICAL ENGINEERING 
American Society of Mechanical 
Engineers 
9 West 39th Street 


New York 18, New York 


MECHANICAL WORID & 

ENGINEERING RECORD 
41 King Street, West 
Manchester 3, England 


METAL PROGRESS 
American Society 
7301 Euclid 


for Metals 
Avenue 
Cleveland 3, Ohio 
JOURNAL OF METALS 

American Institute of Mining and 

Metallurgical Engineers 
9 West 39 Street 
New York 18, New York 


MODERN CASTINGS 
American Foundryman's Society 
Golf & Wolf Roads 
Des Plaines, Illinois 

MODERN MACHINE SHOP 
Gardner Publications 
431 Main Street 
Cincinnati 2, Ohio 


JOURNAL OF THE AMERICAN 

SOCIETY OF NAVAL ENGINEERS 
1012 14th Street, N.W 
Washington 5, D.C 


THE NICKEL BULLETIN 
The Mond Nickel Co., Ltd. 
Sunderland House 
Curzon St., London, W. 1, England 
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NICKEL INFORMATION SERVICE 
International Nickel Co 
67 Wall Street 
New York, New York 


ORDNANCE 
American Ordnance Association 
108 Mills Building 
Washington 6, D.C 


PLATING 
American Electroplaters’ Society 
445 Broad Street 
Newark 2, New Jersey 


THE RESEARCH ENGINEER 
Engineering Experiment Station 
Georgia Institute of Technology 
Atlanta, Georgia 


SAE JOURNAL 
Society of Automotive Engineers 
Lexingt 
New York New Y 


A venue 


SPE JOURNAL 
Society of Plastics Engineers 
Security Bank Building 
Athens, Ohio 


THE MAGAZINE OF STANDARDS 
American Standards Association 
) East 45 Street 
New York 17, New York 


TECHNICAL JOURNAL 
American Telephone and Telegraph 
Company 
195 Broadway 


New York 7, New York 


TECHNICAL NOTES 
National Advisory Committee for 
Aeronautics 
Washington, D.C. 


THE TOOL ENGINEER 
American Society of Tool Engineers 
10700 Puritan Avenue 
Detroit 38, Michigan 


VEREIN DEUTSCHER INGENIEURE 
Journal of the German Engineers Society 
Prinz Georg Str. 77/79 
Duesseldorf, Germany 


WELDING JOURNAL 
American Welding Society 
West 39 Street 
New York 18 New Yi rk 


WELDING RESEARCH 
British Welding 

) Park Crescent 
London, W. 1, England 


Research Association 


WESTINGHOUSE ENGINEERS 
Westinghouse Electric Corp 
P.O. Box 2278 
Pittsburgh 30, Pa 


McGRAW-HILL PUBLICATIONS 


West 4 | Street 


AMERICAN MACHINIST 

AVIATION WEEK 

BUSINESS WEEK 

BUS TRANSPORTATION 

CHEMICAL ENGINEERING 

CONSTRUCTION METHODS & 
EQUIPMENT 

CONTROL ENGINEERING 

ELECTRICAL CONSTRUCTION & 
MAINTENANCE 

ELECTRICAL WORLD 

ELECTRONICS 


v York New Y 


ENGINEERING & MINING JOURNAI 

ENGINEERING NEWS-RECORD 

FACTORY MANAGEMENT & 
MAINTENANCE 

FOOD ENGINEERING 

INDUSTRIAL DISTRIBUTION 

MANAGEMENT DIGEST 

NATIONAL PETROLEUM NEWS 

NUCLEONICS 

PETROLEUM 

POWER 

TEXTILI 


PROCESSING 


WORLD 


PAPERS FROM 


Electrochemical Society 
Electroplaters’ Society 
Foundrymen’s Association 
American Gear Manufacturers’ Association 
American Institute of Chemical Engineers 
American Institute of Electrical Engineers 
American Institute of Physics 
American Society for Engineering Education 
American Society for Metals 
American Society for Testing Materials 
American Society of Corrosion Engineers 
American Society of Lubrication Engineers 
American Society of Mechanical Engineers 
American Society of Mining and Metallur- 
gical Engineers 
American Society of Tool Engineers 
American Standards Association 
American Welding Society 


American 
American 
American 


1956 


the Aeronautical Sciences 

of Radio Engineers 

Institution of Mechanical Engineers 

Instrument Society of America 

Magnesium Association 

Metal Powder Association 

National Conference of Applied Mechanics 

National Conference on Industrial 
Hydraulics 

National Electronics Conference 

National Lubricating Grease Institute 

National Metal Exposition Congress 

Pressed Metal Institute 

Society of Automotive Engineers 

Society for Experimental Stress Analysis 

Society of Plastics Engineers 

Society of the Plastics Industry 

Westinghouse Machine Tool Forum 


Institute of 
Institute 





EDITORIAL CONTENT 
for Design Digest Issue 


alie 


Interpretation of Fracture Patterns by Charles Lipson 

Numerical Machine Tool Control by L. W. Herchenroeder 

Effective Report Writing by Ralph A. Richardson and C. A. Brown 

Types and Uses of Nuclear Reactors 

Characteristics of the Large-Scale Calculators by John W. Carr III and Alan J. Perlis 
Characteristics of the Small Computers by John W. Carr III and Alan J. Perlis 
Nondestructive Testing 

Research and Development Stockroom—Organization and Management by Leo Rosen 
New Books 


"M sans 


Air Cooled and Oil Quenched Pearlitic Malleable Irons by John E. Kruse 
Wrought Alloys for Jet Engine Bucket Application by Stephen G. Demirjian 
Alloys for High Temperature Applications 
im idiation Effects on Metals 
Selection Charts for Investment Casting Alloys by D. V. Ludwig and R. L. Wood 
Fatigue Properties of Wrought Phosphor Bronze Alloys by G. R. Gohn, J. P. Guerard and H. S. Freynik 
Boron-Modified Cobalt-Base S-816 Alloy by W. E. Blatz, E. E. Reynolds and W. W. Dyrkacz 
Magnesium Plaster Mold Castings by E. J. Willis 
Nomenclature for Magnesium Base Alloys 
Factors Affecting Aluminum Alloy Selection by J. R. Willard and R. R. Cope 
New Books 


— жь 


Effect of Chromium Plating on Fatigue Strength of Steel by C. Williams and R. A. F. Hammond 
Corrosion: Types and Prevention by C. L. Hibert 

Industrial Applications of Ceramics by E. J. Smoke and J. H. Koenig 

Transparent Plastic Part Design by Alfred M. Blumenfeld 

Color Coating for Plastics by Lloyd E. Parks 

Creep of Reinforced Plastics by Harry R. Sheppard, Jr. and Earl H. Van Antwerp 

Selection of Proper Plastic Material by J. Harry DuBois 

New Books 


i os 


Weldability of Titanium Alloy by H. L. Meredith and C. W. Handova 
Recommended Welding Processes by John J. Chyle 

Welding of Stainless Steels by Helmut Thielsch 

Designing Parts to Reduce Waste by W. M. Halliday 

Zero Draft Angle Forging Technique by James A. Horn 

Steel Extrusions Using Glass Lubrication 

Fabrication of Clad Steels by Henry F. Peters 

Form Rolling of External Threads by C. T. Appleton 

Product Standards for Die Castings 

New Books 


Gnd am 


Causes of Sleeve Bearing Failures by Anthony F. Kaminskas 

Bearing Loads on Geared Shafts by Zbigniew Jania 

Short Cuts That Speed Solutions of Gear Design Problems by Nigel Akerman 
Fine Pitch Precision Spur Gears for Driving Small Units by R. M. Gitlin 
Serrated Clutches and Detents by L. N. Canick 

Engineering Standards for Multiple V-Belt Drives 

Ten Types of Belt Drives by George R. Lederer 

Methods for Reducing Pulsations in Chain Drives by Eugene I. Radzimovsky 
Friction Devices for Intermittent Rotary Motion by W. M. Halliday 

New Books 


E2 
E6 
E8 
E9 
E12 
E14 
E20 
E22 
E24 
D74 
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Frictional Characteristics of Plastics by W. C. Milz and L. B. ил Jr. 

Double Helical Steel Springs by Victor Tatarinov 

Long Helical Spring Behavior Under Fluctuating Load by C. . Staugaitis and H. C. Burnett 
Seals for Mechanical Components by J. W. Pennington, T c Kuchler and E. J. Taschenberg 
Stress Equations for Strain Gage Rosettes by C. C. Perry and H. К. Lissner 

Evaluating Pythagorean Equations by Ernest L. Schlage 

Effects of Residual Stresses in Cold-Finished Steel Bars by E. S. Nachtman 

Design of Castings to Reduce Production Costs 

Selecting Vibration Isolators by Russell Lowe 

Shifter Designs for Sliding Components by Fred Rogers 

Nomogram for Parabolic Cam with Radially Moving Follower by Rudolph Gruenberg 

How to Reduce Bending and Twisting of Machine Structural Elements by Omer Blodgett 
Balancing Pivoted Parts Subject to Impact Forces by Burton Paul and Melvin Zaid 

WR? of Round Steel Bars 

Comparison of Vessel Design Theories by R. W. Schneider 

Nomograms for Pressure Vessel Design by C. 1, Major 

Section Moduli of Pipes, Tubes and Shafts by juam J. Kerley, Jr 


Design of Round Tubes for Combined Bending and Torsion by Robert A. Needham 
New Books 


— 


Brazing Alloys with Lithium Additions by N. Bredzs and D. Canonico 

Types of Patented Locking Fasteners 

Nomograms for End Play of Acme Screw Threads by D. Sweet 

Joint Design for Adhesive Bonding by Richard S. Piper 

Simplifying Assemblies with Spring-Steel Fasteners 

Holding Power of Press Fits by Richard Hazelett 

Increasing Bolt Impact Strength by Optimum Area Design by J. A. Love, Jr. and O. A. Pringle 


Coordinates for Holes on Bolt Circles by George A. Nelson 
New Books 


Comparison of Internal Combustion Engines 

Supercharging of Internal Combustion Engines 

NEMA Standards for D-C Motors and Generators by J. F. Davis 
Types and Uses of D-C Motors and Controllers 
Electro-Mechanical Control Systems by Sidney Davis 


Applications of Differential Winch to Control Systems by Alexander B. Hulse, Jr. and Robert Aymar 
New Books 


Magnetic Amplifiers in Heavy-Duty Systems by Ulrik Krabb« 

Switches for Miniature and Transistorized Equipments by George C. Jakubowski 
Basic Timer Components and Their Characteristics by J. E. Graham 

Packaged Electrical and Electronic Components by Barney J. O'Neill 
Applications for Permanent Magnets 

Fundamental Types of Permanent Magnets 

Printed Circuits for Electrical Equipment by Donald E. Gray, Jr 

Power Transformer Design Charts by Reuben Lee and N. E. Mullinix 
Photoelectric Controls 


Nc W Books 


Liquid Proportioning by Volumetric Devices by Lawrence Lowy 
Reyno!?s Number Chart by George Loweke 

Design of Pneumatic Relay Circuits by Robert D. Cowherd 

Quick Disconnects and Self-Se: iling Couplings for Fluid Applications 
Gaskets for Raised Face Flanges 

Fundamentals of Pneumatic Control by R. Cooper 

Nomograms Relating Hydraulic, Pneumatic and Electrical Energy by A. E. Maine 
Piston Travel Time Chart 

Types of Hydraulic Accumulators by A. F. Welsh 

Theoretical Capacity of Gear Pumps and Motors by A. E. Maine 

New Books 
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EDITORIAL SUBJECT INDEX 


For Design Digest [ssue 


A 


Accumulators, types of 
Acme screw threads, nomogram 
Adhesive bonding, joint design for 
Alloys 
aluminum 
brazing 
bronze 
fatigue ot 
effects on steel 
high temperature 
investment casting 
magnesium base 
8-816 
titanium 
weldability of 
wrought 
for jet engine buckets 
Amplifiers 
magnetic 
types of 
Area-differential meters 


B 


Balancing pivoted parts subject to 
impact forces 
Bearings, failures of sleeve 
Bearing loads on geared shafts 
Belt drives, ten types of 
Bending and torison of tubes 
Bending, machine structural elements 
Bolts 
increasing strength by area design 
Bolt circles, coordinates for holes 
Bonding, adhesive 
Brazing alloys with lithium additions 
Brushes, d-c motors 


alculators, large scale 
am nomogram 
apacity, theoretical of gear pumps 
and motors 
astings 

Jlesign to reduce cost 

investment alloys 

magnesium plaster mold 

product standard for die 
auses of sleeve bearing failures 
entrifugal compressors 
hain drives, reducing 


pulsations 


С 
( 
Ceramics, industrial applications of 
( 
( 


haracteristics of 

basic timers 

large scale calcula« 
small computers 
hromium plating, effect 
ircuits, printex 
rcumferential scalis 

lad steel, fabrication 

li tches serrated 

olor coating for plastics 
mbined bending and torsion 
of tubes 

omparators, types 


mputers smal 


Compressive strength, ceramics 
Controls 

photoelectric 

pneumatic 

timers 
Control systems 

application of differential winch 

electromechanical 
Controllers 

d-c motors 

time 

cycle 
schedule 

oordinates for bolt holes 

orrosion, 

bearings 

types and prevention 

ost, 

design of casting to reduce 

for zero angle forging 

ouplings, for fluid applications 

razing, plastic coating 

reep, reinforced plastics 

ross section, V-belts 


-D 


D-c controllers, types and uses 
D-c generators, NEMA standards 
D-c motors, NEMA standards 
D-c motors, types and uses 
Design 

for adhesive bonding 

to reduce casting cost 

to reduce production waste 

transparent plastic parts 
Detents, serrated 
Devices 

friction for intermittent Motor 

liquid proportioning 
Diagrams, pneumatic relays 
Die castings, product standards for 
Dies, for zero angle forging 
Drives 

chains 

standards for V-belts 

ten types of belt 


Dye testing method 


-E 


Effective report writing 

Electro-chemical corrosion 

Electromechanical control systems 

Electrical and electronic components 
package 

End play screw 

Engines 
characteristics of 
comparison of 
supercharging of 

Erosion, bearings 

Errors, servomechanisms 


Equations, evaluating I ythagorean 


Fabrication 


Face seals 


Factoring gear 


( 


15 


Factors affecting aluminum selection 
Failures, causes of sleeve bearing 
Fasteners 
patented locking 
spring steel 
Fatigue, bearings 
Fatigue properties, bronze alloys 
Fatigue strength, 
chromium plating on 
Feeders 
Floating bushing seals 
Fluorescent testing 
Forgings, zero draft angle 
Form rolling of external threads 
Forms of corrosion 
Fracture, Interpretation of 
Friction devices for intermittent 
rotary motion 
Friction values for plastic 
Frictional characteristics of plastics 


Fundamentals of pneumatic contr 


G 


Galvanic corrosion 

Gaskets for raised face flanges 
Gear design problems, short-cut to 
Gear pumps and motors 

Gears, fine pitch spur 


Glass !ubricatior 


H 


Hardness, ceramic 
Helical springs under fluctuating 
Loads 
Helical steel springs 
Holding power of press fits 
Horsepower 
I-c motors 
V belts 


Hydraulic 


parts 
Indicating, timers 
Inspection, nondestructive 
Intermittent motion, friction devices 
Internal combustion engines 
omparison of 
supercharging of 
Interpretation of fract 
Interval timers 
investment casting 
Iron, malleable 
Irradiation effects on metals 


Isolators, selecting vibration 


nt design for adhesive bonding 


Labyrinth seals 
Lacquers, plastic coating 
Laminates, plastic 
Latches 


Linear expansion, ceramics 
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Lithium, added to brazing alloys 
Liquid devices, proportioning 
Load contacts, timers 


Locking devices, patented 


-M 


Machinability, malleable iron 
Machines, for thread rolling 
| 


Magnesium alloys, nomen 
Magnesium plaster mold castings 
Magnetic amplifiers 


ature 


Magnetic particle testing 
Magnets 
permanent applications of 
types of 
Mechanical properties, iron 
Metals, irradiation effects on 
Meters, liquid proportioning 
Miniature switches 
Motors 


haracteristics 


NEMA standards for d-c motors 
ind generators 
Nomenclature, magnesium base alloys 
Nomogram 
nd play of screw threads 
paraboli« cams 
pressure vessel design 
relating hydraulic, pneumatic and 
electrical energy 
Nondestructive testing 
Nuclear reactors, types and uses 
Numerical machine tool contri 
Nuts, patented locking 


O 


Optimum area design tor bolts 


Organizing technical reports 


р 


Packaged electrical and. electronic 
omponc nts 
Paint, plastic coating 
Parabolic cam nomogran 
Pearlitic malleable iror 
Performance, engine 
Permanent magnet: 
ipplication of 
tundamental types 
Photoelectric controls 
Pigments, plastic coating 
Pipes, section moduli of 
Piston travel time chart 
Piston ring sea 
Pitch length, V-belt 
Pivoted parts, balancing 
Plastics 
olor coating for 
frictional characterist 
reinforced 
creep of 
selection of 
transparent 


Pneumatic controls, fundamentals of 
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Pneumatic relay diagrams 
Positive displacement compressors 
Power transformer design charts 
Press fits, holding power of 
Prevention of corrosion 
Printed circuits 
Programming characteristics 
small computers 
Properties 
idhesives 
clad steel 
fatigue, bronze alloys 
mechanical 
irradiated metals 
malleable iron 
titanium 
physical 
irradiated metals 
Power components, servomechanism 
Proportioning liquid devices 


Pythagorean equations, evaluating 


Quick disconnect coupling 


ж. 


Radiographic testing 
Reactors 
comparison of 
nuclear 


research specifications 
Reduction of bending and twisting 
in machine elements 
Re lays 
pneumati 
time delay 
Research and development 
Residual stresses, steel bar 
Reynolds number chart 
Rivets, patented 


Rosettes. strain gage 


scoring bearings 
Screw thread nomogram 
Seals for mechanical components 
section moduli of pipes 
tubes and shafts 
seizure bearings 
A lection 
luminum alloy 
plastics 
Self-sealing couplings 
Serrated clutches and detents 
Service factors, V-belts 
Setting, timers 
Shafts, section modi 
Sheaves, V-belts 
Shifter design for sliding components 
Signal components, servomechanisms 
Sleeve bearing fail 
specinc ations K 
Springs 
helical 


steel 


isteners 


Standards 
ue castings 
magnesium 
multiple V-belts 
NEMA for d-c units 
Steel 
bar 
effect of residual 
WR? of 
extrusions using 
fabrication of clad 
springs, helical 
welding of structural 
Stockroom, research and development 
train gage rosettes 
Stresses, residual in steel 
Supercharging, engine 
Switches 
miniature 
me 


Temper designation, magnes 
Temperature limits for plastics 
Tensile strength, ceramics 
Testing, nondestructive 
Thermal conductivity 
ceramics 
clad steel 
Threads, rolled form 
Time chart, piston trave 
Time delay relays 
Time switches 
Timer components 
haracteristics 
Titanium alloy, weld 
Torsion and bending « 
Transparent plastic part desigt 
lransistorized equipment 
switches for 
Tubes, section moduli of 
Twisting, machine structura 


elements 


Ultrasonic testing methods 


V.Belts, standards for 
Velocity meters 
Vessel design 

nomogram ft 

omparison of theories 
Vibration isolators. selecting 


۷ metric devices, proporti 


W 


W ear, bearings 
Welding 
of stainless steel 
of titanium alloy 
recommended process for 
Winches, differential for 
Wiping, bearings 


WR? of round steel 





EDITORIAL SUBJECT INDEX 
1955 and 1956 HANDBOOKS 


— 


Acceleration in harmonic motion 
Accessories, engine 
Adhesive 
bonded joints 
bonding 
AISI 
alloy steel compositions 
103 steel 
Alloys 
thermal conductivity 
see also specific metals 
Aluminum 
allowable compressive strength 
alloys, designations 
butt joints, welded 
coatings 
electroplates for 
forgings 
nickel alloy 
stud welding 
welded by shielded arc 
American Standards 
plain washers 
small solid rivets 
Amplifiers, large rotating 
Anacom, analog computer 
Analog computing system 
Analysis of plain journal bearings 
Arc-welding 
aluminum alloy plates 
shielded-tungsten 
Area, curved surfaces 
Aspect of design 
Asse т! ly 
bolted joints 
€ lad steel 
electronic design 
ASTM system for specifying cellular 
rubber compounds 
Automated production, engineering 


probiems in 


dis 


Ball bearing, load and life chart 

Ball detent clutch 

Base pitches for involute spur gears 

Basic circuits, magnetic amplifiers 

Beams, steel 

Bearing failure mechanisms 

Bearings 
ceramic 
greases for motor H10 
jewel F25 
journal 6 F18 


load analysis with polar diagrams 5 F46 


Prefix numeral 5 before Section letter indicates 1955 Handbook: 


the prefix numeral 6 before Section letter indicates 1956 Handbook. 


plastic 
roller, load and life 
Belleville spring 
nomogram 
Belt drives 
mechanism for adjusting tension 
toothed (1 iming ) 
Belts 
rubber transmission 
Timing 
Bend radii for magnesium alloy 
sheet 
Bending of 
preplated metal 
stainless steel 
Blanking, preplated metal 
Bolted joints, fatigue resistance 
Bolts 
titanium 
steel 
Bonded rubber to metal joints 
Bonding, adhesive 
Braking, electrical 
Brass, thermal conductivity 
Brazing 
process and filler metal 
silver 
stainless steel 
tensile strength 
Break even charts 
Bridgman closure 
Bright nickel plating 
Buckling table for steel beams 


د 


alculatıon of G loading 
Calculating area of curved surfaces 
Calculator 
card programmed 
drum 
number system 
alibration, photoelastic models 
am and roller clutch 
ams, constant torque power 
apacitor, commutator tachometers 
arbon 
effect in ferrous alloys 
steel 
castings 
stud welding process 
welded by shielded arc 
ast alloys, strength of 
ast iron 
effect of carbon on 
gray 
malleable 
nodular 
porcelain enameling 


stress factors in 
welded by shielded ar« 
Castings 
carbon steel 
centrifugal 
investment 
shell molded stainless steel 
auses of bearing failures 
ellular rubber 
eramics, mechanical parts of 
ermets 
thermal shock 
titanium carbide 
hain drive selection 
hem-mill'ing 
hemical resistant plastics 
hrome nickel alloys 
hromium 
coating 
electroplates for aluminum 
hard plated parts of 
plating solutions 
ircuits 
counting 
electronic 
photoelectri: 
pneumatic 
cylinders 
functional 
supply 
power control 
rectifiers 
rotating amplifiers 
speed switching 
trigger 
learances, optimum in pump and 
hydraulic motors 
itch 
design, expanding shoe friction 
nechanical types 
small for precise service 
oating 
low emissivity 
metal 
retractory 
vacuum 
see also finishes 
old 
forming, hollow parts 
pressing, cermets 
working 
steel 
titanium bolts 
ombustion chamber shape 
omponents 
ceramics 
plastic 
selection for environmental con 


ditions 
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Computers 
a-c and d € analog 
automatic 
mechanical and electronic 
Computing 
systems, analog 
service 


Conductivity, thermal 


AISI 403 
aluminum 
alloy 14S 
alloy 24S 
alloy 35S 
brass 
Inconel X 
molybdenum disilicide 
N 155 (low C) alloy 
Nimonic 80 alloy 
Refractaloy 26 
S-816 alloy 
silver 
stainless steel 
X-40 alloy 
Constant torque power cams 
Construction, mold 
Control 


circuits, magnetic amplifiers 





electronic design 
pneumatic 


cylinders, doul 


le acting 
power 
residual stresses 
Controllers, pneumatic 
Controlling heavy loads with ampli 
hers 
opper alloys 
welding 
shielded ari 
stud 
orrosion resistance of electroplated 
aluminum 
orrosion resistant metals and al 
loys, directory of producers 
ost 
chromium plating 
control of research 
oupling of parallel shafts 
reep properties 
ductile iron 
Nimonic 
ritical speed of shaft 
multiple span 
end support 
utting Stainless stee¢ 
ylinders 
pneumatic 


stress charts 


D- 


D-c braking 
Deep drawing, stainless steel 
Delta gaskets 
Designations, aluminum alloys 
Devices, pneumatic 
Die cast parts, ways to attach 
Die casting, change-over design tips 
Diesel engine 
design and performance 
performance improved by 
experimentation 
Differential transformer 11 
Dimensional tolerances 
investment castings D16 
powder metal D14 
Dimensioning, true position A8 


Directory of trade names 

for corrosion resistant metals and 

alloys 5 B19 

Displacement measuring transducers 5 115 
Down time limitation 6 A4 
Drawing 

preplated metals 6 B28 

magnesium sheet 5 D5 

notes for interchangeability 6 A8 
Drives, synchronous motors 6 H23 
Drop hammer forming, magnesium 

sheet 5 D7 
Dual-metal centrifugal castings D20 
Ductile iron B2 
Dynamics of spring motion F21 


Effect of 
combustion chamber shape 
length of engagement on 
tapped holes 
Electric 
braking 
heating elements 
Electro-mechanical position trans 
ducers 
Electronic 
computers 
design check list 
devices, removing heat 
standard symbols 
Electroplate 
chromium 
nickel 
Elongation, steel bolts 
End supported shafts, critical speed 
Engines 
accessories 
combustion chamber shape 
component design 
Diesel 
natching to torque converter 
mounting 
two-cycle 
Environmental conditions for 
omponent selection 
Equations for solving planetary 
gear ratio 
Etching, preplated metals 
Examination of failed bearings 
Expanded rubber 


Extrusion, cermets 


d metais 


Stainiess steel 


affecting bond strength 


iffecting chain ive sel 


of safety in tolerance speci 
Failure of sleeve bearings 
Fastening 
lie cast parts 
sheet metal parts 
Fatigue 
characteristics of spring material 
strength of 
bolted joints 
flush riveted joints 
welded aluminum butt joints 
Felts 
Ferrous alloys 
carburization 
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decarburization 
effect of carbon 
Fillers for 
brazing 
teflon 
Fillet clearance for end welded studs 
Filters, system protection 
Filtration terms 
Fixed core transducers 
Flanged joints, bolted 
Foam rubber 
Force analysis for cams 
Forging 
aluminum alloy 
stainless steel 
temperature for steel 
Forming 
magnesium sheet 
parts by rubber 
preplated metal 
Friction 
analysis of cams 
lamage of metals 
variable speed drives 
Frozen mercury, castings by 
Fuel injection, Diesel engines 


Fundamentals of selecting locknuts 
G 


© loading calculator 
Galling, titanium bolts 
Gasketless lap joints 
Gaskets 
cellular rubber 
lelta 
flat 
high stati 
plastic 
wave ring 
Gear tooth interfere 
Gears 
lesign data from 
r cushioning 
characteristics 
involute SI 


n n king stress 
planetary 
1 
spiral, graphical solutior 
Glass, polyester pret 
selection thermosettit 
I stresses 
onditions 
t spiral gear р 
symbols for hydraulic 


reases tor ectric mot 


H 


rcuits 

removal from electronii 
Heating elements, electri 
Helical wire inserts 
High temperature data 

molybdenum 
Horsepower capacity 

rubber belts 

timing belts 
Hot pressing, cermets 
Hy iraulic 

servo design 

standards, JIC 

valve lifter design 
Hydraulic vs. pneumatic operation 





Immersion heaters 
Inconel X 
thermal conductivity 
welded by shielded arc 
Indices for chemical resistant 
plastics 
Inserts 
helical wire 
plastic gears 
Interference, gear tooth 
Intermittent drive mechanisms 
Iron, ductile 


Jewel bearings 
JIC hydraulic standards 
Joining 
comparison of methods 
parts without fasteners 
stainless steel 
Joints 
adhesive bonded 
bolted 
brazed 
flush riveted 
fatigue tests 
Static tests 
gaskets for high static pressure 
latches 
rubber-to-metal bonded 
Journal bearing, analysis of 


Lacquers for vacuum coating 
Laminated plastic, properties of 
Large rotating amplifiers 
Latches, screw type 
Lens ring gaskets 
Linear programming 
Linear sine paper 
Locating end weld studs 
Locknuts, fundamentals of selecting 
Lubrication 
greases for electric motors 
hydraulic valve lifters 


M 


Machine requirements, automation 
Machining 
lesigning parts for economical 
stainless steel 
Magnetic amplifiers 
Magnesium 
allowable compressive strength 
forming methods 
high temperature properties 
welding, shielded arc 
Maintenance of joints 
Makers, digital computers 
Manganese steel 
Mass inductance electrical analog 
Materials 
copper base 
electronic desig: 
ferrous base 
tor vacuum coating 
spring 6 F10, 
surface endurance limits of 
Mechanical 
computers 
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parts of, 
ceramics 
filed Teflon 
nylon 
Teflon 
Mechanisms 
adjusting bolt tension 
special purpose 
Mercury gland clutch 
Metal to metal bonding 
Metals 
chromium 
characteristics of 
coatings 
ductile iron 
magnesium 
Nimonic 95 
preparation for porcelain 
enameling 
preplated 
roll forming of 
rubber forming of 
stainless steel 
thermenol 
titanium carbide 
Methods, electrical braking 
Milling by chemistry 
Molded plastic parts, design 
of S CIG 
Molybdenum disilicide, 
thermal conductivity 
Molybdenum and molybdenum base 
alloys, high temperature data 
Moment, steel beam table of 
Motion transducers 
Motor torque and temperature data 
Motors, synchronous 
Mounting for jewel bearings 
Movable-anode tube gages 
surface roughness 
Movable core transducers 


-N 


N-155 (low C) alloy, thermal 
conductivity 
Nickel 
electroplate for aluminum 
plating solutions 
welding, shielded arc 
Nickel plate, effect of surface shape 
on distribution 
Nimonic 
thermal conductivity 
95 
welded by shielded arc 
Nodular cast iron 
Nomogram 
Belleville spring design 
thermistors 
weights of tubes 
Non-rubbing seals 
Numbering systems for computers 
Numbering systems 
nemonic 
serial 
universal decimal 


“ж. 


O-rings > 4929, > 3 
Operations research 6 А18 
Operation, hydraulic valve lifters 6 Н 
Optimum clearance in pump and 

hydraulic motors 6 16 
Overload relays for motor protection 5 H2 
Overload relief clutch 5 E2 


ein 


Packings, plastic 
Parallel shafts, coupling of 
Parts 
cold forming of hollow 
joining 
plastic 
assembly methods 
gears 
inserts 
laminated 
rubber forming of 
Pawl and ratchet clutch 
Performance 
diesel engines 
torque converters 
two-cycle engines 
Photoelastic models, simplified 
calibration of 
Planetary gears 
Plating, chromium 
Plastic 
designing with 
glass polyester premix 
indices for chemical resistant 
laminated thermosetting 
mechanical parts of 
molding 
Polyester glass premix 
Pneumatic 
circuits for aircraft 
controller and devices 
cylinders, double acting 
operators, basic principles 
power for control systems 
predicting pressure drop 
valve design 
Pneumatic-electric relays 
Polar diagram for bearing 
load analysis 
Porcelain enameling, design 
Position transducers, 
electromechanical 
Powder metal processes 
Power cams, constant torque 
Preplated metals 
Pressure drop in pneumatic 
equipment 
Problems, tools and cutting 
Process 
brazing 
chem milling 
forming of hollow parts D24 
frozen mercury D13 
powder metal D14 
roll forming D2 
Production, automation A2 
Project planning, approach to 5 А11 
Properties of 
cast iron B2 
ceramics C6 
cermets B23 
chem milled materials D5 
chromium C3 
cold formed parts D25 
ductile iron B5 
felt ( 
magnesium B14 
nickel aluminum B21 
Nimonic 95 B19 
plastic 
friction and wear 6 C24 
glass reinforced 6 C18 
thermoplastic 6 C20 
thermosetting 6 С14 
powder metal 6 014 
spring material 6 F10,6 F38 
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stainless steel 

thermenol 
Protecting motors from overload 
Pulleys for 

rubber belts 

timing belts 


R 


Racks for spindles and sleeves 
Radioisotope $ 
Rectifier, seleni 
Refractory 
coatings 
metais liver 
Regulators, temps 
Relays 
bimetallic therma 
magnet 
meiting alloy type 
pneumatic-electri 
sidual stresses 
vets 
smail SOLN 


stainless stec 


oller 

Mating ampli! 
bber 

ASTM spe 
eits 


rming 


hollow 
Sheet iro 
Sheet meta! pé 


Shell molding 


prepiated meta 

stainless stec 

ıltrasonic fluxles 
Solid die forming of magnes 
Special purpose mechanisms 


speed reduc shaft mounted 


»pinning 
magnesium sheet 
stainless steel 

Spiral gears 

Sponge rubber 

Springs 
Believille 
Iynamics of motion 
fatigue of 
properties of material 
rec tangular wire 
working stresses of 

Standards 
carbon steel castings 
electronic symbols 
small solid rivets 
washers, plain 


Ing Diesel 


AISI composit 
эсап tables 
iad 

nanganese 
prepiated 
properties 


inneale 


tappe 1 he les 
Strength-weight ratios of 

hollow steel shafts 
Strip heaters 


м welding 


i of irved 
lamage to meta 
ndurance limit 
rface roughness gage 
movable-anode 
rrace shape effect 
stribution 
Symbols, hydraulic 
Svnchro systems 
Synchronous motor 
system protection 


Systems, numbering 


nemonic 


ast alloys 
oatings 
gaskets 
magnesium 
Nimonk 
packings 
spring materi 


emperature 
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Thermal conductivity 
aluminum 
brass 
steel 
Thermal shock, cermets 
Thermenol 
Thermistor monograph 
Thich cylinder stress charts 
Threads, design of chased 
Timing belts 
Titanium 
bolts and fasteners 
carbide 
welded by shielded arc 
Tolerance 
cellular rubber products 
onversion chart 
castings 
specifications 


Tooth torming 


nverters, sel 
to match 
Torsional vibration 
rs 

1 splace ment measuring 
motion 
position, electromechanical 
wheatstone bridge 


ansformer, differential 


Ir 
Transistors, future of 
Г; 


reatment 


powder metai 

ubes for inspection and contr 
rbine pump, design and 
ipplication 

l'wo-cycle engines, design and 
performance 

Types of 

сте iron 


metal damage 


mt € 
ible spec 
friction 
mechanical and 
ration 
eccentric centers 
glass ! ber 


haracteristics 





INDEX OF PRODUCTS ADVERTISED 


Ibis index is designed to facilitate your ready reference 
to all advertising in tbis issue for a specific type of mate- 
rial, component, part, or finisb in wbicb you are particu 
larly interested. Most advertising for a specific product will 
be found in its appropriate HANDBOOK section . . . but 


--А — Brakes 
Electric 
Accelerometers 


Mechanical 
Accoustical Sheet - ч 


Actuators Solenoid 
Actua 


Hydraulic Brass 
Brazing 

Alloys 

Supplies 
Bronze B33, B42, 
Brush Holders 


Brushes, Electrical 


Adhesives 
Air Motors (see Motors, Air 
Alternators (see Generators 
Aluminum Alloys 
Aluminum Coated Sheet and Strip 
(see Steel, Coated ) 
Amplifiers A31, A35, HÁ8, 162 
Assemblies 
Electrical 173. 188. 191 Buttonwood Pith 
Hydraulic 134-35, J59, J 
Pneumatic 177 
Structural B44, B58, D46 abinets 
Axle Housings E44-45 able 
Axles Е44-45 am Fasteners 
ams 
apacitors 


arbon 


Bars 
Metal В45, 055 
Bearing Materials B50, C67, D43, D55 


arburetors 


asters 


Bearings 


Bushings C 


not all, due to tbe fact some advertisements describe a 
number of different products offered by the same manu- 
facturer. You will find most of this multiple-product 
advertising between pages 19 and 38. 


Closures F58, 147, 188 

E50, E61 Clutches 
E76 Electrical 30-31, E61, E82 
3 Hydraulic E58 
Е Indexing & Feeding . . E55, E76, E77, 
E86 
Mechanical E27—E33, E36-37 
G57, G64 E40-41, E55, E58, E70, E77, E86 
G64 Pneumatic E58, E73 


B42, B45, D55 


B45, B50, D43, D55 oatings 55, C34, C39, C45, C46, C50, 


<< 
168-69, 170, I86 C5 
74 T 

168-69. 170 oils 175, 182 


27 055. Е88. 168.69 old Headed Parts D35, D36, D39 


Bushings, Strain Relief . . 190, 196, 1102 old Rolled Formed Shapes . . B45, D36, 


D39 
ollector Rings D55, 165, 168-69, 170, 
173 


F82 


—C ommutators C49, 165, 186, 198 


D36 ompressors ]52 
a omputers A32, H48, 162 
, 158-59, 183 onnectors 

G36, G53 Electrical 145, 168-69, 185, 188, 189, 

, F83, F85, H48 191, 196 
Hose J63, J74, J84 
Tube J84, J86 
ontactors 153, 172, 176, 18 
ontacts & Contact Materials D55, 
168-69, 170, 173, I88 


H48 
C67, F78, F82, G52 


astings D52-53, D56, D61, D62, D6 ontrollers 142-43, 174 


B ' astings, Centrifugal D56, D62 ontrol Motors H36, H42 
all 36-3 L _ F59, 


istings, Continuous 


astings, Precision 
Jewel 


Miniature 
Oil-less 


atalog Services 


cramics 


Roller ha ns 


Conveyor 


Self-Lubricating 67, D55 Roller E27-E3 


Sleeve C48, D55, E36 E71, F78, 


F88 Silent 


Bellows C66, F8 hemical Treatments C34. C55. C60 


Belts, Timing E64. E65 hemicals 


Belts, V E40-41, E84 himnevs. Oil Burner B46 


Benders D70-71 hokes 
Bi-Metal B36, 173 hromium Alloys 
Blowers H47, H49, J59, J70 lad Metals 


D43 ontrols 

Electrical A H50 2-43, 153, 162, 
176, 181 

Electronic A32, H48 

Hydraulic H3( 


Investment D48 
D50. D63 
56 


1. C50. D60 


Mechanical N 
Pneumatic i , J61 
), E36-3 onverters H33 
E71 2, onveyor Belts D42 
Е36-3 ` 172 opper & Copper Alloys BÁ2, BÁ5, D55 
ords 158-59, 183, I88, 194, 196 
C34, COO ores 140-41, 
ounters 
142-43, 175 ( 
B40-41 Couplings 
B36, 173 Electrical 


ouplings (see Connectors, Electrical 


Bolts D39, G32-33, G 38, G42-43, lamps D66. D68, G49, G58, J64 Fluid 


G46-47, G52, G64 lamps, Fixture 
Boots 15 & 46, C66 lamps, Hose 
Boral B44 leaners, Metal 
Brake Motors H33 lips 
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D44, D66, D68 Hosc J63, J74, 1 ‚}77,. 
те Mechanical E2 E33, E50, E52-53, 
já 4 


E59, E60, E63, E71, E72, E74 
C34 


E76, E78, E81, F64 
D72, G36, G58 Tube J74, J77, J86 
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Cupro-Nickel Alloys 
Cylinders 
Hydraulic D66, J30-31, J34-35, J37, 
138-39, J43, J44, J46-47, J48, J49, 
154, J61, J69 
B46 
Pneumatic J30-31, J41, J43, J44, J49, 
J54, J61, J69 


H4Z, B45 


Perforated 


153, 


- 


Deep Drawing 50, B45, D36, D58-59, 

D66, D69 
Dials 432, A36, F80 
Die Castings 52-53, C68, D30, D45, 

D49, D54, D60, D64, D70-71 
Dies D35, D64 
Die 


Differentials I 


Sets 
5, H48 
Dimmers I81 
Diodes [07 
Drafting 
Instruments 
Machines 
Supplies A25 
Drives 
Adjustable Spec 
Hydraulic 
Right-Angle 
Shaft-Mounted 


Variable Speed E36-37 


E61, E69, E72, E7 


‚ы 


Electrical & Electronic Components, 
Made (see also Production 
168-69, 173, 175, 188. 189. 


191, 196 


Custom 


services 


Electrochemical Finishes & 


Treatments C55 
A24 


Piston Rings, 


Electrosensitive Paper 
Engine Components 
etc J86 
Produc 
tion Services ) 52-53, 56, A24, 
B34, B38, B43, B44, B45, C42, C46, 
C48, C53, DÁ6, D52, D62, D70-71, 
E36-37, E65, F69, F82, 162 
H26-27, H32, H39, H44-45, 
H52, H56-57, H64 
B30, B46, B52 


Engineering Services (see also 


50. 51. 


Engines 


Expanded Metals 
Extrusions 


Metallic B38, B45, D36, D38, D43, 


D48, D57, D58-59 
Non-Metallic C38, C52, C58, 167, J60 


„ада 


'abricated Plastics (see Plastics, 


Fabricated ) 
Plate, Fabricated, 


Structural Forms & 


abricated Steel sec 
Sheet 
Shapes, Weldments 


abrics C54 


Fabricated, 


abrics, Coated C45, C58 


‘abrics, Fibre Glass Pre-impregnated C54 
abrics, Plastic Pre-impregnated C54 
astening Methods G36, G44, G45, G49, 
G50, G53, G58, G60 

Felt 56. C45, C60 
Fiber 
Filters 

Air 

Hydrauliki 

Noise 


Finishing Equipment & Sup 


Protective 


Hose, 


Finishing, 
Fittings Pipe & Tub 

174, J75, J J84, ]86 
, E60, E72, E74 
E78, E80, E81, E84, F64 


Shatts E83 


Couplings E5 


Measurement 


E88 
Flow 
Forgings 

Forming, Lubricants 
Friction Materials 


Furnit ire, I 


ngincering 


„С 


Gages, Pressure or Vacu 
Galvanometers 1 
16, C66, D72 


Е80. 160. 168 


Gaskets 15 & F52-53, 


Gear Motors (see also Motor Reducers 
E26, E27—E33, E36-3 , E59, 
E60, E72, E81, H36, HÁÀ7, H53, H58, 

H60, H62, H63 

E26, E2 33, E36-37, E39, 
E40-41, E51, E52-53, E59, E60, E62, 
E63, E67, E68, E70, E71, E72, E75, 

E76 

Generators E81, E84, F88, G42-43 
А -( H33, H42, H48, H60, H61 
D-( H33, H42, H60, H61 
High Frequency H33, H42, H60, H61 

19, D33 
D33 

173 
H60 
A29 
F88 
B46 
C66 


E52-53 


Gears 


Glass Parts C48, ( 
Glass to Metal 

Gold Alloys 

Governors 

Graphic Charts 

Graphite 

Grilles 


Grommets 
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H— 


Handles & Knobs F78, F84, F86, G52 
D40 


J34-35 


Hard Surfacing 

Heat Exchangers 

161, 172 184, 190, 
1102 
145 
D33 

B40-41, 
B44 


Heating Units 


Hermetic Seals 
Hermetic Sealing Service 
High Temperature Alloys B3 


Hinges 


Hose & 


Indexing Mechanisms 


Inspection Equipment 
Instruments 
Electrical 
Mechanical 


Insulation ( 


Jewels 

Joints 
Ball 
Expansion 
Revolving 
owing 
Swivi 


[ 


Meta $ 


Laminated 


Laminated Plastics 


Laminated 
G232-2 


Leather 15 & 46 


G48, G52 


Lat hes G24 

Light Sources, Isotope Activated A36 

Level Controls 184 
t] 1t G i ) G 

B46. 190 

Low Temperature Melting Alloys B50 

Lubricating Equipment 
Air-Line 


153 


Lubricators, 


D46, D55, E84 
B44 


11, 186 


Machined Parts 

Magnesium Alloys 
Magnetic Materials 140 
Magnets 140-41, 186 


Magne: Wire 158-59 
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BÁS 
Markers, Wire & Insulation 176 
Metal Bonded to Wood B50 


50, 51, B44, D36, 
D58-59, D60, D66, D69 
B34, D55 


Manganese Allovs 


Metal Forming 


Metal Powder 


Meters 
I tectrical 


Mica, Glass-bonded 
Moldings 


Glass (see Glass Parts 


(see Plastic Parts 

Powdered Metal 
Parts 

Rubber (see Rubber Parts 


Molybdenum Alloys 


Plastics 


(see Powdered Metal 


B40-41 
Motor Reducers (see also Gear Motors) 
E36-37, E52-53, E59, E60, E71, E72, 
E81, E87, H40-41, H58, H60 

Motors, A-( 
Fractional H30-31, H33, H34-35, 
H40-41, H42, H43, H47, H60 
H61, H62, H63 
35, H43, H54-55, 
H60, H61, H63 
28 H30-31, H33 
H40-41, H42, H43 
H49, H62 


J41, J52, J78 


Integral H33, H34 


H34-35, H40-41, 

H42, H43, H47, H60, J59 
H33, H34-35, H43, H51 
H60, J5 
H42, H43, 
156, J5 


Sub-Fractional H28 


Motors, High Frequenc 


Fractional H33, H42 
Integral 


H46, H60, J5‘ 
H33, H51, J59 
H42, 156, J5 
Hydraulic J34-35, J38-39, 140 

J46-47, J57, J59, J71 
H40-41, H60, 

156 
F64, Е81, 191 


Sub-Fractional 
Motors 


Motors, Timing H28-29 


Mountings 


Name Plates 
Nickel Alloys B40-41, B42, D55 
Nickel Silver B42 
Nuts C68, D39, G38, G42-43, G46-47, 

G52, G55, G58, G60, G63, G64, G65 


A36 


а) 


Optical Parts 


A36 


Overload Relays 142-43, I74 
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uiia 
Packings 45 & 46, F52-53, J42, J60, J62, 
J68, J78, J85 
B46, 173 
B46 
C36, C38, C43 & 44 
C38, C47 
B46, B52, D64 
Photoelectric Cells 197 
Blocks . C67, E36-37, E57, E71, 
F63, F72, F88 
Pilot Lights 178, 
E40-41, E75 
G44 
B40-41 
Film 55, C32-33, C51 
Plastic Parts 50, C42, C46, C47, C49, 
C56, C58, C59, C61 & 62, C63, C68, 
F78, F82, F86, G38, 167, J58, J60 


Palladium Alloys 
Panels 
Paper 
Paper Insulation 


Perforated Metals 


Pillow 


182, I88 
Pinions 
Pins 
Pipe 


Plastic 


32. C28-29, C30-31., 


C56. C58 


Plastics C35. C51, 
C59, C61 & 62, C6?, 
C68, F86 
C52, C58, C59. 
C63, C68, F&8( 
Plastics, Laminat« 35, C40, C42, C47 
C53, C63, 167. 160 
B42 
D36, 
D3 
B51, D55 
B46, 173 


Plugs 188, 189, 91 


Metals 


Fabricated 


Plated 
Plate, B44, B52, D34 
Plates 


Platinum Alk 


Porcelain C41 
Potentiometers 151 
Powdered Metal Parts B34, D55 
Power Accumulators 
Power Units H26-27, H32, H39, H52, 
H56-5 
Power Packs 
Phosphor Bronze B4 
Electrical & Electronic J59 
J34-35, J43, J59, J61 
Powe r Take offs E27 I 43, Е58, E72, 
E81 
Metal Alloys B46, 173 


Presses J43 


Hydraulic 


Precious 
Production Machines & Processes D28, 
D70-71, 1100, J43 
(see also Engineer 
ing Services) 50, 51, 52-53, A24, 
B28-29, B34, B38, B39, B44, B45, 
B52, C41, C42, C46 

Profilometers C47, C49, C52, C53, D37, 


Production Services 


D45, D46, D52, D58-59, D64, E68, 


F82, G42-43, G50, G62 
7, E36-37, E40-41, E46-47, 
E78, E84 


Pulleys со 


Pumps 

Air J78 
J34-35, J38-39, J40, J43, 

146-47, J48, J50, J55, J56, J5 
161, J62, J67, J68, J71, J74, J83 
E85, J52, J56, J57, J78, J83 
J52, J78 
D35 
D66 


Liquid 


Rotary 

Vacuum 
Punches & Dies 
Punchings, Plastic 


Pyrometers 174 


E 


Radioactive Sources & Materials A36 


Rams 74 
Ratchets E54 
Recorders 
Rectifiers 
Regulators 
Flectric 162 
Hydraulic J34-35 
136, 142-43, 146, 153, 156, 172, 
174, 176, 181, 198, 199, 1100, 1102 


Relays 


Reproduction Equipment 
R 


Resins 


142-43, 149, 181 
HÁ2, HÁ8, H58 
D72, G58, G67 


Resistors 
Resolvers нз! 
Retaining Rings 
R heostats 142 181 
Rigidized Perforated Metal B4( 
ings & Loops D51 
Livets D39, G28-29, G32 
G42-43, G50, G51, G01, GO 

C67, F72, I 


33, G41, 


Rolis 

Rubber C3 

Rubber-Bonded-to-Metal 

{5 & 46, C58, C66, C68, 
J60 


, C55 


7, C58 
C66 


Rubber Parts 


Rust Proofing 


B46 

Fasteners C68, G26-27, G30-31, 
G44, G46-47, G51, 
G52, G58, G64 


Screens 
Screw 


G38, G42-43, 
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INDEX OF PRODUCTS ADVERTISED 


Screw Machine Parts D5 Steel —V— 
Screws C68, D35, D39, G26-27, G30-31, Alloy 28-29, B31, B35, B37, B40-41, valves 
G37, G38, G39, G40, G45, G46-47, B47 Air 49, D66, J30-31, J36, 
i ; Carbon 28-29, B35, B39, B40-41, B4 noe i 1 
(552, G60, G64, G64 à o 0 ^^ 152. 153, 154, T61 165, 
Coated 28-29, B28-29 : 
Screw Thread Inserts . G35, G44, G56 Electrical B47 
Sealers C35, C51, G34, G42-43 Spring B35 Control D66, E72, E81, J30 
Seals 45 & 46, C48, C66, F54, F58, F60, Stainless 28-29, B32, B35, B39, 134-35, J36, 
i ана -41, В42, В47, В51 i 
142, J45, J60, J62, J68, J74, 176, J85 ~ B4O0-41, B42, B47, B51 154, J69, J72, 
] Р : s Textured 28-29, B46 ° s 
Strain Gages 431, A32 
Strips, Metallic B35 37, B40-41, B42, 
B45, B47, 154 
& $32 1 51 3 : 
H48, H58, K 1100, J51 tructural Forms & Shapes B38, B 
Shapes & Shells Deep Drawn B44, D36 D38. D55. D57. E8Á 


D6¢ tuds G45, G G56, G64 


B39, B4 ıbcontracting Services A24, B44, D32 
D36, D58-59, I73 D46, 137 


Seating, Work Equipment 18 
Servo Controls 151 


S: rvomechanism Components H36, H42, 


E40-41, E66, E78 witches 142-43. I5 163, 164, b !, ibration Dampers 
Sheet Fabricated B44, D34, D36, D3 191, 196, 198, », JOS, , Mechanical 
D58-5 D60. рб Vibration Mountings 
Sheets 
Metal B44, B4 


Plastic Ct 


Vibrators 


Shims 

Silicone R 
1cones 
liver Alloys 


es & Tubin 


dering Equipme: 
1 Brakes $ 
15 27. 15 


Ван < 





Specialty Metals 
Specialty Fasteners (Pipe Hangers, Spe 
ial Cold Headed Parts, et D39 
G36, G39, G42-43, G44, G4 
G46-4 G50, G51, G53, G54, 
G59, G60 ransmissions 
peed Reducers E2 E33, E40-41 E40 
E42-43, E52-53, E59, E60, E62, E68, ibe Fabricating 15, 1,D4 
I , E72, E76, E81, E87, H58 ibing 
Spindles F80, F82 Flexible Metal J81 
Spinning 50, B44, D52 lastic 22 , C65, F82 
Precious Metal B46, 173 
Rubber C58, C68 
Seamless B37, B39, B45, B46, 
Sprockets E57, E62, E68, E71, E72, B47, 173 
E74, F88 Welded B37, B39, B40-41, B45, B46, 
Stampings 51, B44, D36, D58-59, D66, B47, D41, D47 
D69, D72, 147, 173, 191 Tungsten Carbide B35 Zirconium 


Splines E34-35, E48, E75 


Springs F62, F69, F76, F84, F86 
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ALPHABETICAL 


bagien 

Abart Gear & Machine Co 

Accurate Spring Mfg. Co 

Ace Plastic Co 

Ace Products Co 

Acme Chain Corp 

Acro Switch Div., Acro Mfg. Co 

Advanced Vacuum Products Co., 
Div. of General Ceramics Corp 

Aeroquip Corp 

Aero Research Instrument Co., Inc 

Agastat Div., Elastic Stop Nut 
Corp 

Air-Marine Motors, Inc 

Airmatic Valve, Inc 

Alden Electronics « Impulse 
Recording Equipment Co 

Alden Products Co 

A lemite 

Allegheny Ludlum Steel Corp 

Allied Products Corp., Richard 
Bros. Punch Div 

Allied Research Products, In 

Allied W heel Products, Inc 

Allis Co., 

American 


Louis 

Blower Corp 

American Chain & Cable Co., Inc 

American Manganese Steel Div., 
American Brake Shoe Co 

Metal Hose Div., 


Brass Co 


American 
American 
American 
Continuous Cast Products Dept 
American Steel & Wire Div., 
U. S. Steel Corp 
American Stock Gear Div., 
Perfection Gear Co 
Amos Molded Plastics 
Amplex Div., Chrysler Corp 
Anchor 
Arens Controls, Inc 
Arkwright 


Armstrong 


Plastics Co., Inc 


Finishing Co 
Cork Co 
Arnold Engineering Co 
Assembly Products, Inc 
Associated Spring Сог 
Auburn Button Works, Inc 
Austenal, Inc., Microcast Div 
Electric 
Switch Co 


Div., Higbi« 


Automatic Sales Corp 
Automatic 


Avon Tulx Mfg. Co 


B 
B/W Controller 
Babcock & Wilcox Co 
Tubular Products Div 
Bakelite Co., Union Carbide & 
Carbon Corp 


Сог 


Baldwin-Lima-Hamilton Corp., 
Standard Steel Works Div 

Barber-Colman Co 

Barco Mfg Co 

Baush Machine Tool Co 

Bearium Metals Corp 

Beaver Precision Products, Inc 

Belden Mfg. Co 

Belfab Corp 

Benton Harbor Engineering Works 

Bird Co., Inc., Richard H 


16 


Smelting & Refining Co., 


E70 
F76 
C68 
J86 
E54 
I 64 


Inc., 


1 48 
J63 
18 


1102 
H38 
J36 


A24 
1 88 
F61 
B32 


I 53, 


I 

F87 
J37 
F71 


INDEX TO 


Bishop & Co., J., Platinum Works, 
Stainless Steel Products Div 

Blackhawk Mfg. Co., Hydraulic 
Control Div 

Blood Brothers Machine Div., 
Rockwell Spring & Axle Co 

Bodine Electric Co 

Bond Co., Inc., Charles 

Borg-Warner Corp 

Borg Corp., George W., 
Borg Equipment Div 

Borg & Beck Div., Borg 
Warner Corp 

Bossert Div., Rockwell Spring & 
Axle Co 

Boston Gear Works 

Bowmar Instrument Corp 


B46 
]46-47 


Е56 
H40-41 
E62 
E27—E33 


I 51 


Bridgeport Fabrics, Inc 
Bridgeport Thermostat Div., 
Robertshaw-Fulton Controls 
( o F65 
Brooks & Pe rkins, Inc 
Chas 
Div., 


A25 
Buffalo 


Bruning Co., Inc., 
Buffalo Bolt Co., 
Eclipse Corp 
Burndy Engineering Co 


انید 
Thru Ruler Co‏ 
ambridge Thermionic Corp‏ 
ambridge Wire Cloth Co‏ 
amloc Fastener Corp‏ 
annon Electric Co‏ 
G6. O‏ 
arter Controls, Inc‏ 


arlson, Inc., 


artriseal Corp 

Div., 
General Motors Corp 
Co 


Pasco Corp 


entral Foundry 

entury Electric 

erro de 

Hydraulics 

Belt Co 

handler Products Cor; 

har-Lynn Co 

& Sons, Inc 

hemical Products Corp 

Rivet Div., Townsend Co. G61 

Mfg. Co 15 & 46 
G39 

hicago Standard Transformer Corp., 

Div. of Essex Wire 1 66 

hicago Telephone Supply Corp 149 

hiksan Co 180 

hrysler Corp., Industrial 

Div 

incinnati Industries, Inc ( 

lark Equipment Co., 

Div 

learprint Paper Co 


essna 
hain 
hasc 

herry 
hicago Rawhide 


hicago Screw Co 


Corp 


H26-27 
15 & 44 


Enginc 


E44-45 
A29 
G45 


Automotive 


leveland Cap Screw Co 
olumbia-Geneva Steel Div., 

U. S. Steel Corp B3 
ommercial Shearing & Stamping 
Co 

onax Corp 


7, В4 


]38-39 
J86 
one Drive Gears Div., 
Michigan Tool Co 
Consolidated Electrodynamics 


E52-53 


Corps A37 


тус 73 | . 

ADVERTISERS 
Continental Felt Co C60 
Controls Corp. of America, 

A-P Division 

Cordo Molding Products, In« 

Counter & Control Corp 

Crofoot Gear Corp., Charles I 
Cullman Wheel Co 


diio: 
De Laval Steam Turbine Co 
Denison Engineering Div., 
American Brake Shoe Co 
Detroit Coil Co 
Detroit Stamping Co 
Dialight Corp 
Diamond Mfg. Co 
Diefendorf Gear Corp 
Dimco-Gray Co 
Dings Brakes, Inc., subs. Dings 
Magnetic Separator Co 
Dodge Mfg. Corp 
Doehler Jarvis Div., 
Lead Co. 
Doerr Electric Corp 
Dollin Corp 
Dollinger Corp 


National 


Dormeyer Industries 


Double A Products Co 
Drake Mfg. Co 
Driver Co., Wilbur B 
DuPont de Nemours & Co., Inc., 
E. I., Explosives Dept 
DuPont de Nemours & Co., Inc., 
E. I., Elastomers 
DuPont de Nemours & Co., Inc., 
E. I., Fabrics Div 
DuPont de Nemours & ( 
E. I., Film Dept 
DuPont de Nemours & Co., Inc., 
E. I., Pigments Dept 
DuPont de Nemours & Co., Inc., 
E. I., Plastic Dept C61 & 6: 
Dykman Mfg. Corp E7 
Dynamatic Div., Eaton Mfg. Co E6 


کد 
Eastern Industries, Inc ]7‏ 


Eastman Mfg. Co [7 
I 100 


„ш. 


Ebert Electronics Corp 

Edgemont Machine Co 

Elastic Stop Nut Corp. of 
America 

Electrical Industries Div 

Amperex Electronics Corp 

Indicator Co., Inc 

Specialty Co 

Electric Wheel Co 

Electro-Flex Heat, In 

Electro Switch Corp 


I lectric 
Electric 


Electro Тес ( огр 
Enjay Co., Inc 
Excelsior Leather Washer Mfg 


Co., Inc 


че сга 
Fabricon Products, Inc 
F78 
E75 
I 100 
E60 


Fairbanks Co 

Fairheld Mfg. Co 

Falcon Machine & Tool Co., 
Falk Corp 


Inc 
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Inc I 72 
G56 
D64 


Farmer Electric Products Co Е 
Fasteners, Inc 

Federal Die Casting Co. 
Federal Telephone & Radio Div., 

International Telephone & 

Telegraph Corp I 37—1 39 
Federal Tool & Mfg. Co D66 
Fenwal, Inc 17 
Ferguson Machine Roller Gear 

Div 


Fiberlite € orp 


F8 ? 
C56 


Corp. 
Firestone Plastics Co., Chemical 

Sales Div 
Flex-O-Tube Div., 
Foote Bros. Gear & Machine Corp 
Ford Instrument Co., 

Div. of Sperry-Rand Corp 
Ford Motor Co., Industrial 


C28-29 
J84 
ES9 


Meridan Corp 


H48 


H39 
C63 
Formsprag Co E55 
Foster Mfg. Co., Inc J76 
Porcelain Co C41 
D33 


Engine Dept 
Formica Co 


Frenchtown 
Fusite ( orp 


G 


Garlock Packing Co 
Gast Mfg. Corp 
Gear Specialties, Inc 


160 

J52 

E67 

General Ceramics Corp I 60 

General Eelectric Co., 
Sales Div 


General Electric Co., 


Apparatus 


A32, H34-35, I 61 


Construction Materials Div. I 58-59 


General Electric Co., Laminating & 
Insulating Products Dept 
General Electric Co., 


Products Dept 


Silicone 


General Fireproofing Co 

General Magnetic Corp 

General Mills, Inc., 
Div. 

Gerbing Mfg. Corp 

Gering Products, Inc., 


Mechanical 
D54 
E84 


C52 


I 88 


Custom Extrusion 
Gibson Electric Co 
Russell T F80 
I 67 
F82 


E63 


Gilman, Inc., 
Glastic Corp 
Gleason Corp 
Gleason W orks 
Globe Industries, Inc., 
E84 
F84 
G41 
C66 
Graham Transmissions, Inc E69 
Grant Pulley & Hardware Corp F73 
Graphite Metallizing Corp. F88, I 68-69 
Great Lakes Steel Corp., 
National Steel Corp 
Greene, Tweed & Co 
Greer Stop Nut Co 
Mtg Co 
Gries Reproducer Corp 
Grip-Nut Co 
Groov-Pin Corp 
Guardian Products Corp 


Supermet Div 
Goddeyne Wheel Products 
Goodrich Co., B. F. (Rivnut 
Goshen Rubber Co., Inc 


B31 
J68 
G55 
J68 
C68, D60, G60 
G52 
G44 
E50 


Gresen 


- 
& Harman 
Hanna Engineering Works 


G57 
169 
J30-31 


Handy 


Hannifin Corp 


Product Engineering — Mid-October, 


H. M D39 
Harrington & King Perforating 
Co., 
Harvey Aluminum Sales, Inc 
Hassall, Inc., John 
Haydon ( O., Inc D А. W. 
Haydon Mfg. Co., Inc 
Haydon Switch Co 
Heim Co. 
Heinze Electric Co. 
Helicoid Gage Div., 
Chain & Cable Co., 
Heli-Coil Corp 
Hendrick Mfg. Co 
Heyman Mfg. Co 
Hilliard Corp. 
Hoffman Engineering Corp 
Hollingsworth & Vose Co 
Holliston Mills, Inc 
Holo-Krome Screw Corp G40 
Hotwatt, Inc. 172 
Н47 


Нагрег Со., 


B52 
D57 
G51 
I 56 
H28-29 
I 96 
F72 
H49 


Inc. 


American 
Inc ]82 
G35 
D64 
1102 
E77 
F84 
C38 
A30 


Howard Industries, Inc 
Howell Instrument Co 
Hudson Tool & Die Co., 
Hunter Spring Co 
Hyatt Bearings Div., 
Motors Corp 


Inc 
General 


Hydraulic Accessories, Inc 


Hydraulic Unit Specialties Co 


Есе. 98 


1-1 E Circuit Breaker Co., 
Transformer & Rectifier Div 30-31 
B36 


F88 


Improved Seamless Wire Co 
Industrial Sapphire Co 

195 
F69 


Industrial Timer Corp 

Instrument Specialties Co., Inc 

International Packings Corp., 
Affiliate of Graton & Knight Co. J42 


International Rectifier Corp I 97 


йө 
Jelliff Mfg. Corp., C. О 
Johnson Engineering Co., Inc., 
Welton V F82 
Rubber Co 
Jones & Laughlin Steel Corp 


B52 


C58 


D38 


Johnson 


= 

Kato Engineering Co. 

Kaupp & Sons, C. B 

Kellog Switchboard & Supply Co., 
Div. International Telephone & 
Telegraph Corp. 

Keystone Bolt & Nut Corp 

Kirk & Blum Mfg. Co 

Kohler Co 

Koiled Kords, Inc 


H60 
D69 


I 46 
G64 
D34 
H64 
194 


L & L Mfg. Co. 
Ladish Co 
Lansing Stamping Co 


J66 
D26-27 

D66 
Lapeer Mfg. Co D66 
Leach & Garner Co I 73 
C60 
J40 
178 
186 
C67 
D29 


Lehigh Chemical Co 

Lehigh, Inc 

Leiman Brothers, Inc 

Lenz Co 

Lignum-Vitae Corp 

Lincoln Electric Co 

Linde Air Products Co., Div., 
Union Carbide & Carbon 
Corp. D28, D40 


1956 


Lindsay Structure, Inc 
Link-Belt Co. 

Litemetal Dicast, Inc. 
Logansport Machine Co., Inc 
Lord Mfg. Co. 

Lovejoy Flexible Coupling Co 
Lundey Associates 

Lux Clock Mfg. Co 


McDonnell & Miller, Inc 
McQuay, Inc 

MB Mfg. Co 

Magnetic Amplifiers, Inc 
Mahon Co., R. € 

Malayan Tin Bureau 
Malleable Founders’ Society 
Marathon Electric Mtg. Corp 
Marman Products Co., Inc., subs 


Aeroquip Corp 


Marquette Metal Products Co., subs 


Curtiss-Wright Corp 
Marsh 
Marvel Engineering Co 
Meehanite Metal Corp 
Merkle Korft Gear Co 
Metallizing Engineering Co., 
Metals Disintegrating Co., Inc 
Met-L-Wood Corp 
Michigan Tool Co., 

Gears Div. 
Michigan Wire Cloth Co 
Micro-Switch Div., Minneapolis 

Honeywell Regulator Co 
Midget Louver Co 
Midland Steel Products Co 
Midwest Molding & Mtg. ¢ 
Midwest Rubber Co 
Miehie Dexter Supercharger Div., 

Dexter Folder Co 
Milford Rivet & Machine Co 
Miller Fluid Power Div., 

Flick-Ready 
Milsco Mtg. Co 


Precision Bearings, In« 


Instrument Co 


Inc 


Cone Drive 


Corp 


Miniature 
Minnesota Mining & Mfg. Co 
Minnesota Rubber & Gasket Co 
Molon Motor & Coil Co 
Morganite, Inc 

A Borg 
Industry 


Morse Chain Co., 
Warner 
Morton Bearing Co 
Mosinee Paper Mills Co 
Mueller Brass Co 
Mvcalex Corp. of America 


c ifs 


National Band & Tag Co 
National Lock Co 
National Lock Washer Co 
National Steel Corp 
National Supply Co., 
Products Div 
National Tube Div., 
U. S. Steel Corp 
National Vulcanized Fibre Co 
New Departure Div., 
Gen. Motors € orp 
New Hampshire Ball Bearings, Inc 


Industrial 


New Products Corp 
New York Belting & Packing Co 
Nippert Electric Products Co 


G34 

145 
H60 
C48 


E30 
E76 
C46 
B33 
C49 


D45 
E64 
198 


17 





Northern Ordinance, Inc., 
Sub. Northern Pump Co. 
Nothelfer Winding Laboratories, 
Inc. 


J83 


193 
Nylogrip Products G38 


a 


Ohio Nut & Bolt Co G60 
Ohmite Mfg. Co ] 42-43 
Onan & Sons, Inc., D. W H52 
O'Neil-Irwin Mfg. Co D70-71 
Ottemiller Co., Wm. H. G64 


—Р— 


Palnut Co G60 
Paper Machinery & Research, Inc. F74 
Parker-Kalon Div., General 

American Transportation 

( orp 
Parker Rust Proof Co 
Parker Stamp Works, Inc 
Patton-MacGuyer Co 
Pegasus Laboratories, 
Metal Co., 


Pesco Products Co., 


Inc 
Penn Inc 
Borg-Warner Corp 
Philadelphia Gear Works, Inc 
Phoenix Electric Mfg. Co 
Pneu-trol Devices, Inc 
Pollak Corp., Joseph 
Potter & Brumfield, American 
Machine & Co 
Power Pdts 
Pratt & Whitney Aircraft Div 
United Aircraft Corp 54 
B3s 
185 


Foundry 


Corp H44-4 


Precision Extrusions, Inc 

Precision Rubber Products Corp 
Prestole Corp G58 
Inc F58 
Mouldings, Inc 51 


Protective Closures Co., 


Pyramid 


R 


Rae Motor Corp H60 
Reeves Pulley Co., Div. of Reliance 
E46-4 


J58 


Electric & Engineering Co 
Resistoflex Cor] 
Reslabs, Inc., Div. Linco 

A32 
Revco, Inc E76 
B45 


Products Corp 
Revere Copper & Brass, Inc 
Reynolds Metals Co 

Parts Div 
Richardson Co C42 
Rivett Lathe & Grinder, Inc 761 
Robbins & Myers, Inc H46, H51, 755 
Rochester Pdts., Div. G. M. Corp. D4 
Rockford Clutch Div., 

Borg-Warner Corp E31 
Rockwood Sprinkler Co., Ball 

Valve Div 10 
Rogan Brothers 
Rohm & Haas Co., 
Rolle Mfg. Co 
Roper Corp., Geo D 157 
Rotary Seal Div., Muskegon 

Piston Ring Co 
Rotherm Engineering Co., 
Royal Electric Co 
Russell Burdsall & Ward Bolt & 

Nut Co 
Ruthman Machinery Co 


Industrial 
D58-59 


Div 


Plastic 


F54 
Inc 174 
196 


G46-47 
J62 


18 


Torngren Co., 
Tourek Mfg 
Transicoil 


йә 
S. K. F. Industries, Inc 
Saginaw Steering Gear Div., 
General Motors Corp E3 
Sanborn Co. 
Sandsteel Spring Div., 
Sandvik Steel, Inc 
Sandusky Foundry & Machine Co. 
Sandvik Steel, Inc 
Schrader's Son, A., Industrial Div. of 
Scovill Mfg. Co., 
Sciakv Bros., Inc. 
Scott Testers, Inc 
Scovill Mfg Co 
Servo Corp. of America 
Set Screw & Mfg. Co 
Shakeproof Div., Illinois Tool 
Works 
Sharon Steel Corp 
Shenango-Penn Mold Co., 
Centrifugal Castings Div 


Inc 


Simmons Fastener Corp G2 


Somers Brass Co., Inc 
Southco Div., 


Corp 


South Chester 


Southwest Products Co 
Sparta Mfg. Co 
Products, Inc 
Rubber Co 
Standard Pressed Steel Co 
Stanpat Co 
Electric, Inc 
Mfg. Co., Inc 
Corp., F. W 
Warner Corp., Alemit« 
Warner Corp., Die 
Casting Div 
Stewart Warner Corp., Wholesale 
Div. 
Still-Man Mfg. Corp Ї 
Stolper Steel Products Corp 
Stow Mfg. Co 
Superior Carbon Products Co 
Sutton Corp., O. A 
Sweet's Catalog Service, F. W 
Dodge Corp 


Sperry 
Stalwart 


Stearns 
Stevens 
Stewart 
Stewart 
Stewart 


H?( 


T- 
Taylor Fibre Co 


Teiner Co., Inc., Roland 
Tennessee Coal & Iron Div., 
U. S. Steel (€ orp 
Tensolite Insulated Wire 
Thiokol Chemical Corp 
Thomas Flexible Coupling Co 


Subs. of 


B37, 


Co., Inc 


Thompson-Bremer & Co., 


American Machine & Foundry 


Co 


Thompson Products, Inc., 


Light Metals Div 


Toledo Commutator Co 
Tomkins-Johnson Co 


inc, C. W 
Co., J. J 


( orp 
Trombetta Solenoid Cor} 


Tru-Seal Div., Flick-Reedy Corp 
Tubular Rivet & Stud Co 
Tuthill Pump Co 

Tuttle 


& Co., H. W 


Twin City Die Casings Co 
Twin Dis 


Clutch Co 


F63 


1-35 
A31 
F86 
D62 
B35 


J53 


D65 


A36 


G48 
1 100 
G3 


С42-45 
28-29 


D56 


1-25 


BÁ2 


A34 
E82 
I 55 
E83 
F61 


D49 


F56 
102 


D60 


E88 
I 70 
)-31 


—U— 

nimax Switch Div., W. L 
Maxson Corp 

Inion Carbide & Carbon Corp 
Bakelite Corp 

Linde Air Products Co 
Silicones Div. 

Inion Switch & Signal Div., 
Westinghouse Air Brake Co 

Inited-Carr Fastener Corp 


D28, 


Inited-Carr Fastener Corp., 
Ucinite Div 
nited Metallic “O 
Radium Corp 
Rubber Co 55, 
B37, 
B37 


Ring Corp 


. Steel Corp 
Steel Export Co 
Steel Supply Div., 
U. S. Steel Corp B37, 
Iniversal Drafting Machine Corp 


niversal Oil Seal Co 


V 
Valcor Engineering Cor] 
Vellumoid Co 

Versa Produets Co., 


Vickers, Inc., Div 
Corp 


Inc 
Sperry-Rand 
Virginia Gear & Machine 
Cor] 


nali: 
Wagner Electric Corp 
Waldes Kohinoor, Ini 
Walker Co., George 
Wall Colmonoy Corp., 
Stainless Processing Div 
Wallingford Steel Co 
Ward Leonard Electric Co 
Warner Automotive Parts Div., 
Borg-Warner Corp E32 
Warrick Co., C. F I 84 
Webster Electric Co 16 
Weirton Steel Co., Div. National 
Steel Corp B28-29 
Western Felt Works 56 
Western Mtg Co E8 
West Point Mfg. Co D44 
Whitehead Stamping Co D72 
Whitney Blake Co 183 
Whitney Chain Co E 
Wichita Clutch Co E73 
Wiegand Co., Edwin I I 
Willys Motors, Inc., 
Industrial Engine Dept 
Wilmot Engineering Co 
W'insmith, 
Winterburn Mfg. Co 
Winzeler Mfg. & Tool Co 
Wire Rope Sling & Industrial 
Assemblies, American Chain & 
Cable Co., Inc I 
isconsin Motor Corp H56-5 
итек Mfg. Co 164 
orthington Corp., Multi-V-Drive E66 


G64 
B40-41 
1 81 


7 


Inc 


E 
Mtg. Co 
Div 


Yale & Towne 


Stamford 


wall cn 
Zenith Carburetor Div., 
Bendix Aviation Corp 


H48 
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TRADE NAMES USED IN ADVERTISEMENTS 
IN THIS ISSUE 


any such 
shown in 


use of 
names 
firm name. It was 
name that is the 


a manufacturer's right to the exclusive 
name. The intention is to list only trade 
advertisements that differ from the 

include a trade 


The following list of trade names of manufacturers and 
products in or related to the field of product design has 
been prepared from advertisements in this issue. This is not the 
intended as a complete trade but is deemed unnecessary to 


directory of names 


published as a service to the reader, for use in locating the 
when only a purported trade 
mentioned in advertising in this issue, is known. The edi- 
not attempted to determine 


manufacturer's name 


tors for obvious reasons have 


—A 
AI 
Allegheny Ludlum Steel Corp 
API 
Assembly Products, Inc 
ARP 
Allied 
American Stock Gear 
Gear Co 
ACCOPA( 
Armstrong Cork Ci [ndustrial 
ACCU-RAY 
Somers Brass Co., Inc 
ACMI 
Keystone 
ADVA( 
Advanced Vac 
General Cer 
AGASTAT 
Elastic Stop Nut Corp. of 
AGA Div 
AIRFLEX 
The Falk Corporation 
AIR-GRIP 
Dodge Manufacturing Co 
A JUSTO-SPEDI 
The Louis Allis С‹ 
AJUSTO-SPEDI 
Manufacturing 


Research Products, Inc 


Div., Perfection 


Div 


Bolt & Nut Cory 


uum Products, Inc., Div. 


amics £ orp 


Ameri i, 


Eaton Dynamati 
Div 
ALATHON 
E. I du Pont dé 


ALFAX 


Alden Electron 


Nemours & Co Inc 


ind Impulse Record 
ding Equipment Co 
ALKANEX 
General Electric 
Materials Div 
ALKANVAR 
Belden Mfg. Ci 
AMMOPHYLI 
Reslabs, Inc 
Сог 
AMRECON 
Ohmite Mtg. Ci 
AMSCO 
American Manganes« St 
American Brake Shoe Co 
ANDEROI 
Lehigh Chemical Compan 
ARMASTEEI 
Central Foundry Div., General Motors 
Corp. 
ASARCO 
American 


Smelting and Refining Co 


Continuous-Cast Products Dept 
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same as a company 
name 
trom the advertiseme 
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ASCO 


Switch Co 


—B 


Automat 


B&P 


Brooks & Perkins, Inc 


B-W 


Borg-Warner Cort 


BAN DOLUG 


Burndy Engineering C. 


BELDENAMEI 


Belden Mtg. Cx 


BELDOI 


Mtg. Co 


Bel еп 


ВНЕ 


Benton Harbor Engineering Works, 


Inc 


BOARDMASTER 


Universal Drafting Machine Cor 


BONDERITI 


Parker Rust Proof Ci 


BONDERLUBI 


Parker Rust Proot Co 


BULLDOG 


Mtg. Co., In 


-( 


Foster 


Mfg. Co 


Mfg. Co 


Rawhide 


Chicago Telephot 
ELENAMEI 
Belden Mfg. Co 
HABELCO 

Belt Co 
HAN-L-MOUNTS 
Lord Mfg. Co 
HASBESTOS 
Chase & Sons, Inc 
HEM-O-SOI 
Chemical Prox 
HIEF SANDUSKY 
Sandusky Found! 
HROMALOX 
Wiegand Cx 


Chain 


lucts C« 


Edwin 1 
ONPOR 
Chicago Rawhide 
OPYFLEX 
Charles Bruning Co., Inc 
ORDOPREG 

Cordo Molding Products, 
OR-TEN 

Sharon Steel Cort 

URVIC 

Gleason Works 


Mtg. Cx 


1956 


name 
identity is immediately apparent 


inasmuch as the manufacturer's 
iddresses can be obtained 


nts which are indexed beginning on 


CYCLO-MONITOR 
Counter and Control Cort 
D- 

DACRON 
E. I. du Pont d« 

DATAGRAPH 
Consolidated El 

DAZK 
W interl 

DECCO 
Detroit Coil Co 

DELTABESTON 
Genera Electric 

Materials Div 

DESTACO 
Detroit Stamping Co 

DI-ACRO 
O'Neil-Irwin Mfg. Co 

DIALCO 
Dialight Cor; 

DOT 
United-Carr Fastener Cor 

DRAFT-A-MATK 
General Fireproofing Ci 

DUAL-LOCK 
Simmons Fastener Cory 

DUTI-RATED 
Foote Bros 

DYNA-LINI 
Guardian 

Div 

DYNAPRENI 
W hitne Blake 

DYNA-SEAI 
Precision Ru 

DYNASPEDI 
Eaton Manuta 

Div 


Nemou 


rs & Co Lm 


ics Cort 


ctrodvnam 


ırn Mtg. Cx 


Machine 


Gear and 


Products Cort 


E-I 
Electrical 
EASY-FLO 
Handy & 
ELINCO 
Electri 
ESCO 
Electric 
ESCO 


Industries 


Harman 


Electro Switch Cory 
ESNA 

Elastic Stop Nut Cory 
EVERLOCK 

Гһотрѕоп- Вгетег 
ЕХОМ 

Firestone Plastics Com 
Division, Div 


ind R 


| 
Sales 


stone Tire 





EK 
FASTEX 
Shakeproof Div., 
FINGRIP 
Burndy Engineering Co 
FLAMENOI 
General Electric Co., 
Materials Div 
FLEX'ATOR 
Hunter Spring Company 
FLEXIDYNE 
Dodge Mfg. Corp. 
FLO-FORM 
H. M Harper Co 
FLUOROFLEX-T 
Resistoflex Corp 
FORMBOND 
Belden Mfg. Co 
FORMEX 
General Electric Co., 
Materials Div 
FORMVAR 
Belden Mfg. Co 
FOSTERMATI( 
Foster Mfg. Co., Inc 
FUSIONW ELD 
Avon Tube Div., Higbie Mfg. Co 
ver 


Illinois Te ol W orks 


Construction 


Construction 


G-I 

General 
G.5 

Gear Specialties, Inc 
GRC 

Gries Reproducer Corp 
GALVANITI 

Sharon Steel Corp 
GIBSILOY 

Gibson Electric Co 
GILMER 

New York Belting & Packing Co 
GLASTERRA 

Chase & Sons, Inc 
GRAPHALLOY 

Graphite Metallizing Corp 
GRIPCO 

Grip Nut Corp 
GRIP-MASTER 

Cullman Wheel Co 
GRIPMASTER 
Walker Co 


Electric Co. 


George 
GUSHER 
The Ruthman Machinery Co 
GYROI 

American Blower Corp 

H— 

H-K 

The Holo-Krome Screw Corp 
HELIAR( 

Linde Air Products Co., A 

ot Union Carbide 

HEYCO 

Heyman Mfg. Co 
HI-LO-PA« 

Char-Lvnn € 
HUSCO 

Hydraulic Unit Specialties Co 
HYDRO-SHEAVI 

Twin Disc Clutch Co., Hydraulic Div. 
HYLINK 

Burndy 
HY-LOAD 

Hyatt Bearings Div., 


Division 


and Carbon Cor} 


Engineering Co 


General Motors 
Corp 


HYPALON 
E. I. du Pont de Nemours & Co. (Inc. ) 
HYRINGS 


Burndy Engineering Co. 


— 

IMO 

DeLaval Steam Turbine Co 
IPC 

International Packings Corp. 
I-S 

Instrument Specialties Co., Inc 
INNER-SEAL 

Bridgeport Fabrics, Inc 
INSULINK 

Burndy Engineering Co 
INSULUG 

Burndy Engineering Co. 
IRIDITE 

Allied Research Products, Inc. 
IRRATHENE 

General Electric Company, Laminated 

and Insulating Products Dept 

ISOMODI 

MB Mfg. Co 


—) 
J&L 
Jones & Laughlin Steel Corp. 
JEEP 
Industrial Engine Dept., Willys Mo 


tors, Inc 


— 

K&B 

Kirk & Blum Mfg. Co 
KELOX 

Fasteners, Inc 
KEPS 

Shakeproof Div 
KINAMATK 

General Electric Co 
KLOZURI 

The Garlock Packing Co 
KNU-VISI 

Lapeer Mfg. Co. 


Tool WX orks 


, lllinoi 


L-B 

Link-Belt Co 
LS 

Lindsay Structure, Inc 
LINE-O-MOUNT 


Foote Bros. Gear and 
LINE-O-POWER 


Machine 


Cor} 


Foote Bros Gear and Machine Corp 


LINK-LOCK 


Simmons Fastener Corp 
LOCK WELD 

The Fairbanks Company 
LOGANSQUARI 

Logansport Machine Co., In 
LOKUTS 

Shakeproof Div 
LUCITI 

E. I. du Pont de Nemours & Co. (Inc 


Tool Works 


Illinois 


—M 
MD 


Metals Disintegrating Co., Inc 
MPB 

Miniature Precision Bearings, Inc 
MTS 

The Glastic Corp 


MECATORN 
C. W,. Torngren Co 
MECHANIPAK 
The Garlock Packing Co 
METCO 
Metallizing Engineering Co., Inc 
MICRO 
New Hampshire Ball Bearings, Inc 
MICROPOTS 
The George W. 
Equipment Div 
MICRO-WEAVE 
The Holliston Mills, Inc 
MID-GRIP 
Heli-Coil Corp 
MINI-JOINTS 
Falcon Machine & Tool Co., Inc. 
MINIMESH 
Penn Metal Co., Inc 
MOBALOY 
Cordo Molding Products, Inc 
MONOBALL 
Southwest Products Co 
MONOPAK 
Hydraulic Accessories Co 
MOR LIFI 
Rockford 
Corp 
MOTODRIVI 
Pulley Co., Div., 
Electric and Engineering Co 
MOTOGEARS 
Link-Belt Company 
MOTOREDUCERS 
The Falk Corporation 
MOYNO 
Robbins & Myers, Inc. 
MYLAR 
E. I. du Pont de Nemours & Co. (Inc.) 


Borg Corp., Borg 


Clutch Div., Borg-Warner 


Reeves Reliance 


—N 
NP 
New 
NYB&P 
New York Belting & Packing Co 
NEG’ ATOR 
Hunter Spring Co 
NICROBRAZ. 
Wall Colmonoy Corp., Stainless Proc 
essing Div 
NYKELKROM 
H. W. Tuttle & Co. 
NYLCLAD 
Belden Mtg. Co 
NYLOK 
Standard Pressed Steel Co., 
Socket Screw Div 
NYOCLIPS 
Burndy 


Products Corp 


Unbrako 


Engineering Co 


O 
OILITI 
Amplex Div., 
ORLON 
E. I. du Pont de Nemours & Co. (Inc.) 


Chrysler Cory 


Р— 

PANELCX 
Scovill 
Div. 


Mfg. Co., Aircraft Fastener 


PI 


Precision Extrusions, Inc 
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Р-К 
Parker-Kalon Div 
[ransportation Cory 
P-M 
Hannifin Corp 
PALMETTO 
Green, Tweed & Co 
PAMARCO 
Paper Machinet 
PARCO 
Parker Rust 
PEARLITIC 
Malleable 
PEL-X 
The Holliston Mills, Inc 
PERFORMANCE-RATED 
Century Electric Co 
PHENOLITI 
National Vulcanized Fibre Co 
PHILLIE GEAR 
Philadelphia Gear Works, In 
P.I.V 
Link-Belt Company 
PLASTI-GROMMETS 
Shakeproof Div 
PLASTI-PLUGS 
Shakeproof Div 
PLASTI-RINGS 
Shakeproof Div., 
PLASTI-RIVETS 
Shakeproof Div., Illinois 
PLASTI-SUPPORTS 
Shakeproof Div 
PLASTITI 
Whitney Blake Co 
PLEXIGLAS 
Rohm & Haas Compam 
POWERGRIP 
United States Rubber Co 
Goods Div 
POW ER-PACKER 
Blackhawk Mfg 
trol Div 
POW ER-PACKER, 
Blackhawk Mfg. Co., Hydrauli 
trol Div. 
PRECISION-COAX 


Federal 


General American 


& Research, Inc 
Proof Ci 


Founders' Societ 


| WX orks 


, Illinois T« 


Tool W orks 


Illinois 


Illinois 


T ool W orks 
Tool X orks 


Tool Works 


, Illinois 


hanical 


Telephone and Radio 
pany 
PREENEX 
General Electric Co 
Materials Div 
PROGRAMONITOR 
Counter and Control Cort 
PROTECTOMOTOR 
Dollinger C« 


ruction 


Q 
QUAD 

Minnesota Rubber 
QUICK-LOCK 


Simmons Fastener 


—R 


and Gasket Co 


Cor] 


R-B 
Allied Products 
Brothers Punch Div 
RB&W 
Russell, Burdsall 
Nut Co 
R&M 
Robbins & Myers, Inc 
RMB 
Landis & Gyr 


Corp Richards 


& Ward Bolt and 
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RIPPLE FIN 
McQuay, Inc 
RIVNUTS 
B. F. Goodrich Co. 
ROTO-CONI 
Gerbing Mfg. Corp 
ROTO-DRIVI 
Gerbing Mfg. Cory 
ROTO-LOCK 
Simmons Fastener Cory 
ROYALITI 


United States Rubber 


~ 
Dodge 
SCM 
Dodge Mtg Co 
SPS 


Mtg. Co 


Standard Pressed Steel Co 
Socket Screw Div 

SCRULUG 

Burndy Engineering Ci 
SEAL-GUARD 

Hydraulic 
SELECT-A-SPEDI 

The Louis Allis Co 
SELENIUM SLIM 

Union Switch & Signal Div 


Air Brake Ci 


Accessories C 


W esting 
house 

SELF-LUBI 

W hitne 
SEMS 

Shakeproof Div Illinois Tool 
SER VIT 

Burndy Engineering Co 
SERVOBOARD 

Servo Corp. of America 
SETCO 

Set Screw & Mtg. Co 


00 


Chain Compan 


Cherry Rivet Div., Townsend Ci 
SIL-FOS 

Handy & Harman 
SIMPLYTROI 

Assembly Products, 
SIR VIS 

Ch 120 
SKETCHFORM 

R ind Teiner Co Im 


Rawhide 


SMI!TH-NOBAK DEVICI 
Morton Bearing Com 


SPACEMAKER 

Tomkins- Johnson Ci 
SPRING-LOCK 

Simmons Fastener 
STANCOR 

Chicago 
STAYNEW 

Dollinger Cory 
STEELFLEX 

The Falk Cory 
STEEL-WELD 

R. C. Mahon Co 
STEMCO 

Stevens Mfg. Co., Inc 
SUPRAMICA 

Mvcalex Corp. of 
SUTCO 

The O. A. Sutton Corp., Ine 
SYNCLINAL 


Marvel Engineering Co 


standard 


America 


1956 


, Unbrako 


SYNTHAMICA 
Mycalex Corp. of Ameri 
Г-] —T-— 
l'omkins- Johnson Co 
TAPER-LOCK 
Dodge Mtg. Co 
TAP-LOK 
Groov-Pin Corp 
TEFLON 
E. I. du Pont de Nemours & Co 
lELECABLI 
Whitney Blake Co 
rEXTOLITI 
General Electric С‹ Laminated 
Insulating Products Dept 
THERMOSPRAY 
Metallizing Engineering Co., In 
THERMOSW ITCH 
Fenwal Inc 
М 
Minnesota Mining and Mfg. Co., 
hesives and Coatings Div 
TRANSI-MAG 
Magnetic Amplifiers, Inc 
TRUAR( 
Waldes Kohinoor, In 
FRU-LCX 
American Chain & Cabk 
Rope Sling and Industrial 
blies Dept 
IUF-STUI 
Mueller Brass Co 


UNIBAI 

The Heim Co 
USS T-1 
States Steel 


V- 


United 


HS 

Assembly Produ 
ALVBANK 

Blackhawk Mfg. Co., H 

trol Div 

'AR'A'CONI 

Gerbing Mfg. Corp 
ARI-MOUNT 

Foote Bros Gear and 
"'ELBESTOS 

Vellumoid Co 
ELBUNA 

Vellumoid Co 
"ELLUTEX 

Vellumoid Co 
"ERSATROI 
Products, In 


اال 


Assembl 


WEIRKOTI 
Weirton Steel C 
WEIRZIN 
Weirton Steel Co 
WEIRZIN PAINT 
Weirton Steel Co 
WESPO 
West Point Mtg. Ci 
. MN 


RITI 


X-CREPI 
Cincinnati Industries, Inc 
a= 
ZERO-MAX 
Revco Incorporated 
ZYTEI 
E. I. du Nemour 


Pont de 





RMB MINIATURE 


BEARINGS 


SEALED Miniature Bearings — with ‘big bearing’ construc- 


featuring 


tion. The only sealed miniature bearing commercially 
available. Sealed to retain lubrication and last many 
times longer than anything you've used to date. With 
deep groove races, balanced retainer, made to precision 
tolerances; in sizes from .1969” OD. 


ULTRA LIGHT Miniature Bearings—Combine small OD's 
with relatively large bores. Conrad type construction 
with deep groove inner race and a balanced ball 
separator; in sizes from 0.1181" OD—0.0394" 
Bore to 0.7480" OD—0.3937" Bore. 


ROLLER Bearings—For heavy radial loads. Shielded and 
unshielded types, with machined bronze roller separator. 
Separable raceways permit easier assemblies. Avail- 


able without inner races for mounting directly on ground 
shafts. Sizes from 0.4724" to 1.0236" OD. 


A COMPLETE LINE 


including 


RADIAL without inner Race — Particularly useful in oscillatory applications 
where loads are relatively light, and low starting torque is important. Sizes 
from .1181" to .4724" OD. 


4 


LOW COST miniature Bearings—of which the ORT Series of Angular Contact 
bearings is a good example. Utilizing simplified economical snap-ring 
assemblies, self-aligning, self-loading, shielded, these bearings make for 
lower cost assemblies and moting parts. The bearings themselves are 
surprisingly low in cost; in sizes from .157" to .787" OD. 

Pivot bearings of similar construction but without inner race for mounting on 
conical pivots are available in sizes from .043" to .423" OD. 


BEARING X — We call it bearing X. It’s the bearing in our line that can 
solve your problem. We'll work with you as always to discover which one 
it is. What is your problem? 


LANDIS. & GYR, inc 


45 WEST 45th STREET, NEW YORK 36, N. Y. 


Write for our new catalog, 
coming soon and featuring a 
whole new line of inch size 
bearings. 
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FOR FAST HELP 


on 


DESIGN PROBLEMS 


. . . consult the 


PRODUCT INDEX 


of this 


DESIGN DIGEST 
I$5UE 


(Begins on Page 12) 


Every product adver- 
tised in this issue is in- 
dexed there for ready 


reference. 


Among them may be 
exactly what you need 


right now. 


The advertisements for 
all these products will 
give you many useful 
ideas .. . and more infor- 
mation is quickly avail- 
able from each adver- 


tiser. 


To get any additional 
facts you want, use the 
handy post cards in front 
of this issue, or the cou- 
pons you'll find at the 
end. of each DESIGN 
DIGEST ISSUE Section. 
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TROMBETTA SOLENOID CORP. 


MILWAUKEE WISCONSIN 


U.S.A 


331 NORTH MILWAUKEE STREET 


SOLENOID SHOE BRAKES 


SINGLE SOLENOID OR DOUBLE SOLENOID OPERATED 


BRAKE | | 


100 FT.-LBS 122 DISK BRAKE SB-362 BRAKE 
DOUBLE SOLENOID FT.-L.B. TORQUE EXPLOSION PROOF 


SB-300 LINE OF SOLENOID BRAKES 


SPRING SET MAGNETIC RELEASE OR MAGNETICALLY SET SPRING RELEASE. 
FOR OPERATION: On alternating current at any voltage Wheel diameter ranges from 214” 
and at frequencies from 1624 to 6724 cycles per second. from 114” to 14 


SBM-362 BRAKE SB-3 
45 FT.-LBS 150 
MAGNETICALLY SET 


) BRAKE SR 
FT.-LBS 
SINGLE SOLENOID 


to 72”. Wheel face 
On direct current shunt connections at any voltage to x Е 

750 volts. Series connections at any voltage to 750 volts l'orque capacity: 3 ft.-Ibs. to 24,000 ft.-Ibs. continuous 

and any current. dutv; 5 to 32,500 ft.-Ibs 


SEND FOR BULLETINS EE-180, EE-183, EE-184 


l5 hour duty 


STANDARD SOLENOIDS 
46 STANDARD LINES, 608 SIZES 


NA-726 SOLENOID 


потесни 


Е IM SOLENOID SOLENOID AL-828 SOLENOID не 32 ти" 127 SOLENOID G-611-H SOLENOID NATIONAL ACME 
00 LINE ^ 100 LINE AL-800 LINE 300 LINE AS-400 LINE G-600 LINE REPLACEMENT LINE 


A COMPLETE LIST OF SOLENOIDS 


PLAIN SOLENOIDS 

F-300, 30 sizes; G-200, 14 sizes; A-200, 15 sizes; NA-700, 
38 sizes; G-600, 6 sizes; A-100, 14 sizes; AL-800, 18 sizes; 
AS-400, 14 sizes; E-500, 30 sizes; FW-300, 30 sizes; 
EW-500, 30 sizes. 

DOUBLE PLUNGER SOLENOIDS 
AD-300, 15 sizes; AD-400, 7 sizes; AD-800, 9 sizes. 

EXPLOSION PROOF SOLENOIDS 
FX-300, 15 sizes; FX-800, 9 sizes; FX-400, 7 sizes. 

OIL IMMERSED SOLENOIDS 
FZ-300, 15 sizes; FZ-800, 9 sizes; FZ-400, 7 sizes. 
PURE DIRECT CURRENT SOLENOIDS 
A-100, 14 sizes from 2 lbs. to 100 lbs. at 85% voltage. 
SOLENOID OPERATORS | 

RD2-300, 15 sizes; RD2-800, 9 sizes; RD2-400, 7 sizes; 
RD3-300, 15 sizes; RD3-800, 9 sizes; RD3-400, 7 sizes. 


IN 1924 MR. 
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TROMBETTA GAVE THE WORLD THE 


DIRECT CURRENT OPERATORS 
RD2-100, 7 sizes; RD3-100, 7 sizes 


EXPLOSION PROOF OPERATORS 
RD2X-300, 15 sizes; RD2X-800, 9 sizes; RD2X-400, 7 
sizes; RD3X-300, RD3X-800, 9 sizes; and 
RD3X-400, 7 sizes 


OIL IMMERSED OPERATORS 
RD2Z-300, 15 sizes; RD3Z-800, 9 sizes; RD2Z-400, 7 
sizes; RD3Z-300, 15 sizes; RD3Z-800, 9 sizes; and 
RD3Z-400, 7 sizes 


EXPLOSION PROOF DOUBLE PLUNGER SOLENOIDS 
ADX-300, 15 sizes; ADX-800, 9 sizes; ADX-400, 7 sizes. 


OIL IMMERSED DOUBLE PLUNGER SOLENOIDS 
ADZ-300, 15 sizes; ADZ-800, 9 sizes; ADZ-400, 7 sizes. 


15 sizes; 


COMMERCIAL SOLENOID 





ЕИ Кене inm zd M Lo-Alloy Hi-Strength Steels 


general fabri tion industri Sharon 


the ed 1 1 
is one of th A pro In Lo-Alloy Hi-Strength Steels Sharon offers users a choice 


two of the finest Sharon Cor-Ten® and Sharon 

N-A-X® plus other grades for particular requirements 

pecial | Such products as earth moving machine frames, truck 
and bus frames, boiler tubes, bumpers, petroleum and gas 
pipe lines, transmission parts, brake shoes are currently 
being made from these steels. Available in heavv plate, hot 
and cold rolled strip in coils or cut lengths 


ducers of this metal in the nation to of 
day. Sharon makes a complete line of 
1 


rom ICK ind SI 


j 


chrome, ch 
grades inch 


Iua 


Alloy Steels EB 7m 2 Wl Strapping Steels 
Sharon has long been id. - E 


ing source for special alloy Strapping steel is available in 


black painted and galvanized fin 
ishes in a complete range of sizes 
from 34” x .010 to 2" x .065 with 


steels compounded to meet 
specific requirements. Manv 
such alloys have been made 


to achieve added str« ngth OT the tools, accessories, seals nails 


to provide greater heat and Forging Steels corner protectors, staples, anchor 


corrosion resistance etc. as required 


Sharon Forging Ingots 
Blooms and Billets are avail 
able in carbon, alloy, stain 
less and special analysis 


steels in a wide range of sizes 








ere’s the Sharon Family 


of quality metals! 


Spring Steels § Coated Steels 


| Sharon Galvanite® is one of the 
Sharon has a complete line | finest hot dip zinc coated steels 
of high carbon, cold rolled available to manufacturers to 
alloy and plain steels with day. Tightly bonded, it has a 
S.A.E. designation of 1025 | matte" surface to which en i 
or above with excellent ap H amels adhere exceedingly well Sharodnart 
plication reputation. Typical i Sharon also rolls top quality 
uses are cutlery, fasteners terne, a bright surface hot dip 
clamps, chains, clips, saws | and electro galvanized steel 


Rolled-in surface pattern steel 
exclusive with Sharon, enables 
manufacturers to change prod 
uct stvle without changing dies 
Available in a wide varietv of 
standard patterns. « specials 
where required pical prod 


ucts include hardwar utomo 


etc 


tive trim, machine ses, radio 


and TV « 





m 5 
|] 
| 
i 
| 
I 
{ 
с ы f 
Hi-Carbon Plate 1 
| Mallory-Sharon 
One of the few sources of supply for quality high carbon $ years been 


plates in the full S.A.E. range from 1010 to 1090 for T1 titanium in many 
sheet hot and cold 


bars, billets, wire coil 


such appliances as structural plates, railroad equipment | 
road working machinery, scraper blades, farm equip i 
ment, et« { 








OUTPUT SHAFT 


NOTE: 

THIS GEAR 
>77] IS COMMON 

TO TWO = 


(CLUTCH GEARS . 


ы 


INPUT SHAFT ——— 
= 


A typical 6-speed transmission box. This transmission uses three single and one double Electro Clutch. The lower shaft is the 
input shaft, and three clutches (one single and one double) are mounted on this shaft. The three free-running gears of the three clutches 
mesh with three gears on the countershaft. The countershaft can now be given any one of three different speeds, depending on which 
of the three clutches is engaged. The output shaft, on top, is equipped with two single clutches, the free running gears of which mesh 


with two fixed gears on the countershaft. The output shaft can now be given two different speeds to any one of the three countershaft 


speeds, or a total of six difTerent speeds 


I-T-E ELECTRO CLUTCHES 


Compact, operate under oily conditions, need no adjustments— 
available in types and sizes for all application requirements 


Step up machine tool productivity. I-T-I 
Electro Clutches permit instant speed or feed 
changes without stopping the machine or 
manually changing gears, chains, cams or belts. 
Any of a variety of actuating devices— push 
buttons, limit switches, relays—may be used. 
\ simplified, completely electric control sys- 
tem directly actuates the Electro Clutch without 
any other intermediate auxiliary devices. No 


mechanical connections required. 


I-T-E Electro Clutches are being used by a 
growing number of prominent machine tool 
manufacturers. They’re available in torque rat- 
ings from 3.2 Ib. ft. to 13,000 Ib. ft. Diameters 
from 2.36 in. to 15.75 in., with corresponding 
lengths from 0.810 in. to 4.75 in. for the com- 
plete clutch. For detailed information, write 
I- T-E. Circuit Breaker Company, Transformer 
& Rectifier Division, 19th & Hamilton Sts., 


$ 
Type H— Internal drive, showing unit construction Phila. 30, Pa. 
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but terminal is рг or the coil and 


Single clutch equipped on a brake. N 


Principle of operation. Alternate lamin 
eter lugs and splined shaft respectiveh 
until magnet coil is energized. Magnet 


nations with great force, engaging cl 


1-T-E CIRCUIT BREAKER COMPANY ° Transformer and Rectifier Division 
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0 
r7 . . . 0 
When you start thinking plastics... /, / 


Start with this hooklet 


How do you find out whether plastics might improve your prod 
uct's sales, appearance, or performance ? 

Here's a suggestion. Send for this free 16 page booklet. It de 
scribes all the plastics and resins produced by Bakelite ( ompany 


the greatest variety av tilable through a single convenient й 
source. Their distinguishing characteristics and methods of fabri POLYETHYLENES D 
cation are illustrated and described. A list of major applications OQ 
tells where each is be ing ust d PHENOLICS 

[he 1957 Condensed Reference File gives vou a quick survey VINYLS 
of the most widely used plastics and resins. Other Bakelite Com EPOXIES BAKELITE 
pany public ations, also available without cost, will provide addi STYRENES beer 
tional technical data on the material vou decide is best suited to 
vour needs. And Bakelit« Company technical representatives, POLYESTERS PLASTICS 
backed bv more than 46 vears experience In pl istics, will h« Ip 
in applying it to your product. Write Dept. TV-131. 


BAKELITE COMPANY, A Division of Union Carbide and Carbon Corporation [Ifi 30 East 42nd Street, New York 17, N. Y 
In Canada : Bakelite Company, Division of Union Carbide Canada Limited, Belleville, Ontario 


The term Baxkrrre and the Trefoil Symbol are registered trade-marks of UCC 





only one 


| fom FTF | 


Every design office has them. 

Here, for example, is what happened when one design office, in an attempt 
to establish a comprehensive catalog file, wrote and asked 931 companies 
for their catalogs. 739 companies responded within 53 days—with every- 
thing from 600-page general catalogs to product sample kits and collec- 
tions of advertising reprints. Now, where to find 60 feet of file-drawer 
space for them? How to classify and index them for convenient use? How 
to keep them up-to-date? There's only one real solution to the "catalog 
problem." You'll find it when you turn the page. 





the catalog problemi 
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... Your >T 


Is growing bigger ant 


It's your only convenient collec- 
tion of manufacturers’ catalogs 
—each catalog designed 
with your needs in mind... 
bound firmly in place and 
indexed three ways to speed 


your search for buying facts 





| design offices face 


of manufacturers’ catalogs 


ore comprehensive every year 


Catalog problems in your office diminish 
each year as more and more manufacturers 
distribute their catalogs to you in this con- 
venient, sensible way: 219 did so this year, 
and there will be substantially more in the 
1957 PRODUCT DESIGN FILE coming your way 
SOON. 


Thoughtful manufacturers send you their cat- 
alogs in this highly useable form before you 
ask for them so that you can satisfy your needs 
for accurate, up-to-date product informa- 
tion as soon as questions arise. Only catalogs 
give you the detailed facts you need before 
specifying a product, or asking a sales engi- 
neer to call. With the PRODUCT DESIGN FILE 
your best source to current and immediately 
available catalogs, it is easy to see why this 
File is the first place you look for useful 
product facts. 


It's a Good Habit 


. going first to the source which is most 
likely to give you quickly the facts you need 
in solving your design problems. It saves 
many hours for your basic job of designing 
better products for your company. You sel- 
dom need to write and wait for catalogs. Or 
face salesmen who call before you are ready 
to see them. With information you need 
always immediately at hand—in catalogs de- 


signed by design engineers for you specifically 


-you have a head start on design component 
and material problems as fast as they come up. 


Your PRODUCT DESIGN FILE is organized for 
ready reference. Three complete indexes lead 
you quickly to the catalogs which will answer 
your questions. Catalogs featuring competitive 
products are filed together—making it easy 
for you to compare their properties and fea- 
tures. When you do call in company repre- 
sentatives for demonstrations or engineering 
counsel, you are prepared to discuss your 
particular application of their products in de- 
tailed, specific terms. In other words, you are 
ready to buy. 


Want to know more about the products 
advertised in this Design Digest issue of 
Product Engineering? 


Look first for the facts you want in your 
PRODUCT DESIGN FILE. Chances are, you'll 
find exactly the information you want. And 
when you do, you will have gotten it the 
fastest and most convenient way possible. If, 
however, you don’t find a particular manu- 
facturer’s catalog and must write and wait 
for it, you'll appreciate even more the value 
of every catalog the PRODUCT DESIGN FILE 
does bring to you, and the reasons why a 
fully comprehensive PRODUCT DESIGN FILE is 
the one best solution to “the catalog problem." 





your PRODUCT DESIGN FILE: 


"ри 
the first place to look 
—when you have a design problem to solve 
, —When an advertised product interests you 


—when you want to compare competing 
products carefully 


Check these features: 


Three complete indexes 
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—by company 
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—by product 
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—by trade name 
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Market-specialized catalogs 
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—nothing but buying facts 
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—designed by design engineers 
specifically for you 
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—immediately accessible 
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All firmly bound in place 


—no catalog can be misfiled 


—no catalog can be lost 


—no catalog can be overlooked 
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Sweet's Catalog Service 
a division of F. W. Dodge Corporation 
119 West 40th Street, New York 18, N. Y. 





Further information on all products 
advertised in this 


| Sii Annual PRODUCT DESIGN DIGEST ISSUE ` 


PUBLISHED MID-OCTOBER 1956 


is quickly available. 
These convenient, postage-paid cards 


will bring it to you. a 


HERE'S HOW TO USE THE CARDS 


All advertisements appearing in 
this Product Design Digest Is- 
sue are listed, by their page 


FIRST CLASS 
PERMIT NO. 64 
(Sec. 34.9 P.L.GR.) 
NEW YORK, N. Y. 


number, on these cards. 


For additional information on 
any advertised products, circle 
the page numbers of the adver- 
tisements in which they are de- 
scribed. If more than one adver- 
tisement is located on a single 
page, letters preceding the page 


New York 36, N. Y. 


number identify each advertise- 
ment. Key: T-Top, B-Bottom, R- 
Right, L-Left; TL-Top left, BL- 
Bottom left; TR-Top right, BR- 
Bottom right. 


330 West 42nd Street 


Product Design Digest Issue 
Product Engineering 
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—4¢ POSTAGE WILL BE PAID BY- 


For Specialized Data . . . price, 
sizes available, nearest source of 
supply, etc. . . . do not circle key 
number but indicate your needs 
in the space allotted at the bottom 
of the card. Use this space, too, 
if information about one specific 
product, among several men- 
tioned in an advertisement. is de- 
sired. 


PLEASE TYPE OR PRINT 
Position 

Company _ 

Business Address 

City G State 
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11,82 
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Section J— 


IN USING THESE CARDS... 


be sure to type or print your name and address clearly on the opposite side 


Coupons are provided at the end of each Dicrsr Issue Section on which 
copies of product-descriptive catalogs and bulletins, described editorially 
in each section, as well as information about products advertised, can be 
requested. These cards will also bring you copies of catalogs and bulletins. 
‘Specific Data” 


Just list key number of literature desired in the ' 


FOR FURTHER 


INFORMATION ABOUT ADVERTISERS APPEARING 





IN THIS SECTION 
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SS c Tiny ro 


space. 


4| GENERAL ADVERTISIN 


4 ‹ GENERAL ENGINEERING 


& METALS & ALLOYS 


NON-METALLIC 
MATERIALS & FINIS 


FABRICATION 
4 & PRODUCTION 
PROCESSES 


# POWER TRANSMISSIO! 


MECHANICAL PARTS 
& DESIGN ANALYSIS 


3 FASTENING & JOININ: 


# МОТОК$, ЕМС!МЕ$ 
& CONTROLS 


ELECTRICAL 
2 & ELECTRONIC 
COMPONENTS 


HYDRAULIC 
à & PNEUMATIC 
EQUIPMENT 


Use This Space to Indicate Require 


SPECIFIC DATA 





IF YOU HAVE SPECIFIC AND DETAILED QUESTIONS 


to ask about any product advertised in this issue, a complete and personal answer to your 
qu may be best secured by writing directly to the company concerned, at the ad- 
ress given in this advertisement. 


=> ey rn 


FOR CLARITY AND PROMPT SERVICE when writing directly to an advertiser, be 
sure to include mention of Product Engineering's Product Design Digest Issue and the 
page number of the advertisement which prompts vour letter. 


CIRCLE THESE NUMBERS FOR FURTHER INFORMATION ABOUT ADVERTISERS APPEARING IN THIS SECTION 
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Further information on all products 
advertised in this 


Sfi Annual PRODUCT DESIGN DIGEST ISSUE 


PUBLISHED MID-OCTOBER 1956 


is quickly available. 
These convenient, postage-paid cards 
will bring it to you. 
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V YALE MAKES THE 
LOCK YOU NEED... 


Choose from a wide line of standard models ... or let Yale 
experts produce a new lock to fit your specifications 


Whether you need a simple lock or a special lock 
Yale has it in stock or can quickly make it for you. Talk 
over your requirements with the Yale Industrial 
Lock Expert. (He may be in your locality now.) He'll gladly 
give you all the facts on any Yale lock, help solve any 
tricky locking problems that may be "stymieing 
you, and show you how to increase the saleability of your 
product with high-quality, low-cost Yale hardware 
For illustrated catalog write to Industrial Lock Dept., 
The Yale & Towne Manvfacturing Co., Lock & 
Hardware Division, White Plains P" 
New York. 





There's 


L3378 LOCKER LOCK 


Chromium finished combination lock 
for steel, gravity or manually opera- 
ted lockers. Retractable dead bolt 
controlled by dial . . . manually op- 
erated. Emergency key controlled. 


C-1222 PLUNGER LOCK 


Four pin-tumbler lock of extruded 
brass for metal file drawers and 
cabinets. Spring actuated to pop 
out when unlocked. Can be master- 


4651 DRAWER LOCK 


Versatile five  disc-tumbler lock. 
Changed easily to right or left hand 
cupboard lock by removing a screw 
and turning the plug. Can be mas- 
ter-keyed. Dead bolt, die-cast, % in. 


throw. 


HOW YALE 
SOLVES 
SPECIAL 
LOCKING 

PROBLEMS 


Narrow Stile Lock 


Designed at the request of a leading glass 
and metal door manufacturer for use in en- 
trance doors with narrow stiles. Only 1% 
inches wide with a l-inch backset, yet this 
deadlock doesn't surrender a single Yale se- 
curity or quality advantage. Two-cylinder op- 
eration. Key opens lock from both sides. Pin 
tumbler security. Convenience of master- 
keying. Available in single cylinder opera- 
tion too. Handsome construction in anodized 
extruded aluminum stock. Hardened steel 
pin in bolt. 
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5591 3-WAY DRAWER TA637 LUGGAGE LOCK 5529 SHOW CASE LOCK 


LOCK Smartly designed, first quality suit All-brass push-in cylinder lock for 
A four pin-tumbler all-brass lock for case lock for hardside luggage. sliding show case doors. Four pin- 
wooden storage units drawers, Three disc-tumblers. 18 key changes. tumblers, 1200 changes. Can be 
right or left hand doors. Can be Bright brass or bright nickel finish. master-keyed. Heavy locking bolt, 
master-keyed. Dead bolt, Xs in. 4 in. dia., 12 in. throw. 1 in. wood 
throw. % in. wood, regular. regular. 
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Depository Bag MI 
- 
Banks offering customers a night depository ? 


Hidden Furniture Lock 


service find lost keys and time-consuming 
searches for duplicate keys a nightmare. So 
a leading manufacturer of night depository 


Furnit fact find thi hidd 
bags came to Yale for help. And got it! A ————— РР аа 


Yale lock a big plus . . . because it enables 
special tamper-proof lock that functions — M" ae 


d - their customers to lock all drawers in all 
speedily and efficiently. Nerve center of the 

: I i : furniture pieces simultaneously! One master- 
lock is a small but mighty cylinder designed 


key controls all pieces. It’s the only safe 
so that each bank messenger has individual 7 Р : 
е way to lock furniture against burglars, pry- 

access to his own bag — yet one bank master- i ' i 
k sl adi 4 " b ing maids, baby sitters and curious children. 
ey controls all depository bags. , : i 
y P iii This new Yale-designed lock combines quality 
and security advantages never before avail- 


able to furniture manufacturers. 
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2430 PANEL 
BOARD LOCK 


Ideal lock for electric panel 
boards. Key deadlocks bolt 
and ring handle which retracts 
latch bolt to operate. Lever 
tumbler mechanism. Bright 
plated ring handle and brass 


nose. 


51400 LOCKING 
HANDLE 

Concealed screws hold handle 
from rear of door. New Yale 
handle offers 5 disc-tumbler 
locking cylinder security plus 
roomier, easier grip. Polished 
or satin finish. 


SEE THE\YALE 
INDUSTRIAL MAN 
He has thé answer 


to your lock problem 


A 5 
TR, 
aos 


YALE & TOWNE 


` YALE & TOWNE MANUFACTURING CO., YALE LOCK & HARDWARE DIV., 
WHITE PLAINS, NEW YORK 





Cooperative 
research 


A 


helps you solve 
sealing problems 
BETTER, 
FASTER 


€ --------------- 


These unequalled 


— | | TESTING 


5€ 
Four complete C/R test laboratories are maintained 
olely to verify seal designs and materials with 
specifications, with test runs in special C/R 


Machines and in customer units 


The most qualified team of design specialists are 


PRODUCTION 


| ý Six C/R plants can produce your seal in any 
selected from C/R's engineering staff of more than . 
quantity six, sixty or 600 thousand with 
a hundred, and assigned to work with you on your 


i consistently uniform quality and deliver on 
specific sealing problem 
schedule 


MATERIALS EXPERIENCE 


4 Over 75 years of experience — broadest in the 
C/R has a wide selection of sealing materials suit 


. : s fluid sealing field. More automobiles, farm equip- 
able for temperatures from —100° to 500° F., pres- 


i ment and industrial machines rely on C/R Oil 
sures from 0 to 10,000 p.s.i., and shaft speeds up 


Seals than on any similar sealing device. 
to 80,000 r.p.m. 


----> 


CHICAGO RAWHIDE MANUFACTURING CO. c. 
1237 Elston Avenue Chicago 22, Illinois в 


Offices in 55-principal cities. See your telephone book. 


In Canada: Chicago Rawhide Manufacturing Co., Lid., Hamilton, Ontario 


Export Sales: Geon International Corp., Great Neck, New York c H І CAG о 


C/R Products: C/R Shaft and End Face Seals * Sirvene (synthetic rubber) molded parts * Sirvis-Conpor RAWH 1 DE 
mechanical leather cups, packings, boots * C/R Non-metallic Gears. * C/R Rawhide and nylon hammers. 


/ 





Cooperative 
research 


covers this wide range of products 


SHAFT-TYPE OIL SEALS More than 20 types, forming over 7,500 size combina- 
tions for shafts from 1⁄4” to 50” O.D., are available — thousands from stock. 
These seals are used for the vast majority of shaft sealing problems from simplest 
dust exclusion to high-speed, high-temperature fluid retention and foreign 
matter exclusion under extremely rugged operation where high sealing efficiency 


must be maintained over long service life 


END FACE SEALS For critical sealing problems outside the capabilities of 
shaft-type seals, there are C/R End Face Seals, which operate on the principle 
that two smooth, flat surfaces, one rotating on the other at right angles to the 
shaft, form a leakproof seal. They require minimum pressure to maintain face 
contact, create minimum friction, heat and power loss, and give unsurpassed 
performance under the most severe conditions. 

Typical applications of C/R End Face Seals include: sealing track rollers of 
crawler tractors; sealing high-speed accessory drives in aircraft; sealing medium 
speed applications such as gear cases of washing machines, dishwashers and 


similar home appliances 


SIRVENE SYNTHETIC RUBBER PRODUCTS The advanced level of compound- 
ing and molding elastomers and special materials to critical tolerances achieved 
by C/R Sirvene Engineers is a widely established fact. They will design, com- 
pound and produce a part to your exact specifications of hardness, elasticity, and 
resistance to aging, temperature, oils, solvents or chemicals with dimensional 
uniformity and consistent high quality, regardless of quantity. Holding to 
extremely close tolerances is standard procedure. A typical list of products 
includes oil seal packings, diaphragms, cups, boots, gaskets, plugs, impellers, 
valve inserts and way wipers — to name but a few. The experience and facilities 


available to you from C/R's Sirvene Division are unrivaled in the industry 


SIRVIS-CONPOR MECHANICAL LEATHER PRODUCTS The typical range of 
mechanical leather products includes oil seal packings, cups, boots, washers, 
gaskets, couplings and valve discs, but encompasses any part wherein high 
tensile strength, flexibility, high resistance to pressure, wear, shock, and vibra- 
tion are desired. Cups of C/R’s Conpor impregnated Sirvis leather products 
are operating at pressures up to 10,000 p.s.i. They are insoluble in most hydraulic 
oils and compatible with a wide range of other oils, solvents and gases. C/R 
boots of Sirvis leather, canvas, nylon or elastomer impregnated fabric can be 
produced in sizes two stories high or not bigger than your thumb for use in the 
protection of eccentric, universal or reciprocating action. Whatever your sealing 
or protection problem, bring it to Chicago Rawhide. C/R Engineers are con- 
stantly developing new mechanical leather designs for special and universal 


application 


Please write direct or contact your nearest C/R sales engineer about your problem in fluid sealing or related fields. 


CHICAGO RAWHIDE MANUFACTURING CO. 


1237 Elston Avenue Chicago 22, Illinois CHICAGO 
RAWHIDE 





How to Build a Low Cost Program Controller 


No. 8 of a Series 


The problem was to develop an im- 
proved method for crystallizing fatty 
acids. Engineers at Fred S. Carver 
Inc., New Jersey, needed a means of 
changing temperatures automatically 
at various scheduled times during the 
process, which required temperatures 
ranging between 130 and 20°F with 
certain retention periods and closely 
controlled rate of change between 
each temperature. 


How Fenwal Helped Solve 
the Problem 


The controller was built around 
two Fenwal THERMOSWITCH™ units. 
One unit to control heating circuits, 
the other unit to control refrigeration 
circuits. The programming action is 
supplied by a rack-and-pinion ar 
rangement. It resets the temperature 
setting screw of the control THERMO- 
SWITCH unit as directed by an elec- 
trically-driven programming cam. 
The arrangement is used to control 
test runs to eight days’ duration and 
produces a controlled rate of change 
of 1°F in four hours. 


ХАРДА, АТІМФ 
FAN 


i f 
SOCKETS FOR 
HEATING UNITS 


THE PROCESS CABINET shown here 
modified 18 cu. ft. refrigerator containin 
auxiliary cooling plates and heating ele- 
ments. Each circuit is controlled by a 
cartridge-type THERMOSWITCH unit 


Showing the broad application range of Fenwal Controls 





The adjusting screw of the THER- 
MOSWITCH unit used in the process 
cabinet above is normally 
[In this application, 


is extended to the outside of 


»-in. long. 
however, the 
screw 
^e in. di- 
ameter shaft coupled to the setting 
screw. A fine-toothed pinion gear 
about 10 teeth per inch) is mounted 


the refrigerator wall by a 


on the end of each extension shaft. 
The teeth mesh with a rack inserted 
in a groove in the side of a %-in. 


TH 


P 


| 
Ji 
H 
H 
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diameter rod. The rod is guided ver- 
tically by two bearing blocks on the 
side of the cabinet. As the rod moves 
it rotates the pinion gears. This resets 
the control temperature of the process. 


Key to Controlling 
Rate-of-Change 


A cam mounted on the output shaft 
of an 8-day mechanism controls the 
position of the rack. The contour of 
the moving cam programs the process 
by holding the rack steady to main- 
tain a constant temperature and by 
moving the rack at a given velocity 
to change the process temperature at 
a predetermined rate. The key to con- 
trolling rate-of-change precisely is the 
fact that a given angular rotation of the 
THERMO- 
SWITCH unit changes its control tem- 
perature by a constant, known amount 

80°F per 360 F 
rotation). 


adjusting screw of the 


angular degrees of 


CONTROLS TEMPERATURE... PRECISELY 


Product Engineering — Mid-October, 1956 


Quick Recovery to 
Desired Control Temperature 


Each Fenwal THERMOSWITCH unit 
controls its 110 volt AC circuit 
through a series-connected 25 amp 
relay. Either circuit can be made in- 
operative by disconnecting a male 
plug connected to the leads from the 
THERMOSWITCH unit. When both 
THERMOSWITCH units are connected, 
the heating and cooling systems are 
cycledalternatively to providequicker 
recovery to the desired control tem- 
perature. The size of heat input is 
controlled by the capacity of the 
heating elements used in the heating 
circuit. To maintain a constant tem- 
perature or produce a low rate of rise 
50- or 100-watt incandescent bulbs 
are used. For high rates of rise, some 
of the bulbs are replaced with 1200- 
watt resistance coil heating ele- 
ments. A circulating fan runs con- 
tinuously to prevent temperature 
stratification and eliminate stagnant 
air that would slow up the response 
of the THERMOSWITCH units. 


Proved Performance at 
One-Fourth the Cost 


The estimated cost of the entire 
set-up was about $165 about one- 
fourth the cost of an equivalent 
standard controller. And although 
used over a wide temperature range, 
there has been no trouble with con- 
densation or moisture, because the 
electrical contacts of the Fenwal 
THERMOSWITCH units are sealed inside 
the cartridge. 

Write for new Catalog No. 500 tor 
details and complete product listings 
on Fenwal Thermoswitch Thermal 
Controls, including units discussed 
above, Midget and Miniature ver- 
sions of these, Snap-Action Controls, 
and Indicator Controllers. 


FENWAL INCORPORATED 
210A Pleasant Street 
Ashland, Mass. 

Please send me your 
Catalog No. 500. 


Our specific problem is: 


Name T itle 
Address 


Zone State 
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| CONTOUR CUSHION SEA 


SIM 


4 


k ЖА, Айыр же, 
FOR ALL TYPES OF WORK-EQUIPMENT - 


Engineered то YOUR NEEDS 
Designed FOR WORK-POWER 


мо. 17% 


„o. ° 


смлмт\0% 


wo. 9^ 


monarch 


Milsco Cushion Seats are built to improve 
the road-ability and comfort-factor of 
many types of mobile equipment. “Body- 
form" posture design uniformly supports 
the body at all pressure points and 
"cradles" body weight against jars and 
jolts. All materials used are job-proved 


and performance-tested to give your 
equipment a plus-value in comfort and 
operating freedom. Our engineers will 
gladly cooperate with you in designing 


efficient seating expressly for your needs. 


Sold Only to Manufacturers of Original Equipment 


MILSCO MFG. COMPANY, 2758 N. 33rd St., MILWAUKEE 45, WIS!” 


FOR OPERATING 
TEMPERATURES 
—300 to 2000°Е 


INSULATED THERMOCOUPLES 





LEAD WIRE w 


QUICK DISCONNECT 
* Available in long lengths or 


spliced toget 


your length requirements 


*SWAGGED 
f t k 


*". SEND FOR ! 


Turo K 


MgO wir 


SURFACE with 
STANDARD T/C Head 


e Extremely occurote since 
junction con be welded to 
surface 


DESIGNING 


IMMERSION with 
LEAD WIRE ADAPTOR 


* Fost time response 


* Install in any pipeline with 
out a thermo-well by simply 
drilling ond tapping 


+ Pressure and vacuum tight 


* Variable immersion depth 
easily replaced 


ith 


her to meet 


ULLETIN 





INSTRUMENT COMPANY, INC. 
315 NO. ABERDEEN STREET, CHICAGO 7, ILLINOIS 


Sales Representatives throughout the United States and Canada 


|. IF THIS IS YOUR PROBLEM 


THIS IS YOUR ANSWER 


ات س سم 


If you need effective, highly readable, 
smartly illustrated company literature 
(booklets, pamphlets, manuals) to dis- 
play your products, inform the public of 
your operations, attract key personnel to 
your plant, train employees, and perform 
any of the other communicative functions 
that are vital to your business . . . 


The McGraw-Hill TECHNICAL WRITING 
SERVICE has a staff of more than 150 
highly-trained writers, editors, and illus- 
tration specialists whose job it is to create 





technical and general literature for in- 
dustry. We write, illustrate, design, and 
print Equipment Manuals, Product Bul- 
letins, Handbooks, Company Histories, 
Annual Reports, and other specialized 
material. Save money and time. Let our 
staff be your staff for Technical and 
Business publications. 

This service is available through ad agencies 
- Write € Phone 
TECHNICAL WRITING SERVICE 

McGraw-Hill Book Co., Inc. 
330 W. 42nd St., N. Y. 36, N. Y. 
LOngacre 4-3000 
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Rockwood Ball Valves 


e Full round pipe size flow * Leakproof service 


e l4 turn opening and closing * No maintenance 


Air-Operated Ball Valves Male Thread Bronze Ball Valve 


For remote control use 


Controls valves in 

hazardous or hard-to-get-at 

places . . . can be mounted ` 

in FOUR different positions around Full flow . . . with thread end, flanged end, union 
the Rockwood Ba!l Valve...several can end or combination of same available with this 
be controlled from one control board...available valve. Longer life . . . greater strength. Size 214” 
in a complete package unit from your distributor. only. 


Steam 6” and 8” Cast Steel 3” and 4” Cast Steel 


Ball Valve Ball s Ball Valves 


ée 


i Valves 


New Rockwood Ball Valve for use 

with steam handles up to 125 

pounds of steam per square inch 

and 350 degrees F, with ease... Combines best features of plug cocks, gate and globe valves... made 
opens and closes quickly. Pipe of medium carbon cast steel that meets specifications for carbon steel 


sizes 2$" to 2”. pressure castings as embodied in ASTM. Also made in other materials. 


Write for complete data 
ROCKWOOD BALL VALVES to Rockwood Sprinkler 
Company, 1305 Harlow 
St., Worcester 5, Mass. 


Distributors in all prin- 
cipal industrial areas. 


FULL R FLOW — 
АЗУ 


Tested and listed by 
Underwriters' Laboratories, Inc 
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If you designed and built 
THIS TIME CONTROL 


and Appearance & Performance & Economy 


ROLAND TEINER 


CALLED FOR 6 PLASTICS PARTS SKETCHFORM SETS 


A Roland 
Synchro-moti« Time Control * Codrtesy 


Herold Products Company, Inc 1 I einer F trsi 


1 


Я 
Letter-paper sized pads fit briefcase 
Sketching designs, ideas, revisions, makes 
three automatic copies. Copy to Teiner 
brings cost-saver radius and design sug 
gestions with quotes 


SPINFORMING 
A Roland 

T einer First 
Spinforming permits 
cost.saving model and 
short run fabrication 
Thimble size to sixteen 
foot diameters. Exam 
ples: (1) Conical (2) 


А М Spherical (3) Cylindri 
Sales & Production & Purchasing would say cal 


CALL MIDWEST MOLDING | MYDROFORMING 


A Roland 


T einer Facility 





Phenolic Case Phenolic Back 
Hydroforming permits 
cost-saving special 
shapes, medium гип 
fabrications. Up to 
twelve inch blanks. Ex 
amples: (1) Irregular 
| deep drawings (2) Un 
| spherical pressings (3) 
| Combinations; part 
: a spinformed then hy 
in = droformed 


DEFENSE, ADVANCED AIRCRAFT, NU 
CLEAR RESEARCH AND AUTOMATION 
EQUIPMENT CUSTOMERS ARE MAKING 
SUBSTANTIAL COST-SAVINGS BY USING 
SYMMETRICAL SHAPES AND TEINER 
FORMING METHODS 


big difference in lowering costs as well as simplifing production schedules. Send prints, drawings or sketches for design 
Triple "M" Customolding facilities have been coordinated with many pro- suggestions and « 


Centralized responsibility for Multiple plastics components can make a 


quotes or write 


duction lines and we can show interesting results. Write for details. 


MOLDMAKERS AND MOLDERS + COMPRESSION AND INJECTION 


and sample "Sketchform Set 


ROLAND TEINER COMPANY, Inc., Dept. 50 


: 134 Tremont St., Everett 49, Mass., Tel. EV 7-7800 
GURNEE 95, ILLINOIS—CHICAGO PHONE: Dickens 2-0777 ENGINEERING REPRESENTATIVES IN PRINCIPAL CITIES 
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Actual case histories 
Catalogs ) of unusual design problems 
solved by 
an Pyramid Mouldings 


Bulletins 


To obtain copies of literature 
described below, circle corre- 
sponding number on coupon 
at end of this section. 


Mouldings 


(M-1) ELECTRO-MECHANICAL ASSEM , 
BLY Kits—Brochure TDS 1110, 12 A The case of the range lamp... 


pp. provides information about group 


following the trend to longe 


of servo electro-mechanical assembly dn к е а адын 
components for developmental bread- | ۴ а анаа EM a 
boarding. Servo Corp. of America, 
20-20 Jericho Turnpike, New Hyde TM kf cis inc modius adil 
Park, N. Y IR Я formed as shown to elin 


ostly end ( ips 


any desired length without 


(M-2) AUTOMATIC TEMPERATURI 

CONTROL—Catalog D-31, 19 pp, de 

scribes differential transducer control 

and automation systems, a line of time 

control equipment including electronic, i à Mouidings made “case” history... 
equipment operator mechanisms, “Л 

valves, counters and electronic con = l + in one of America's leading 
tactors. Automatic Temperature Con luggage lines by adding the 
trol Co, Inc, 5200 Pulaski Ave | " i m ing touch to smart 


Philadelphia 44, Pa E | ie styling with these intricatel 
| ` formed bezels. Rolled to shape 
(M-3) PANEL METERS—Catalog VM- | WEBS | A | and bent to exact case contour, 


106, 4 pp, describes miniature id they covered raw edges, added 


: s structural strength, provided 
mounting vacuum tube voltmeters 
Trio Laboratories, Inc., 4025 Merrick 


Road, Seaford, [ E. N. Y 


dustproof construction 


(M-4) READING GLASSES AND MAG 


NIFIERS—Folder, 6 pp, describes mag ' The case of the missing "drop-out"... 
nifying equipment. Apex Optical 

» " - y " . е7 i h ^ lt 0 e ot 
Corp., 50 Valley St., Providence, К. 1 — f has meant money t 


many manulacturers 


(M-5) INTERVAL TIMERS — Bulletin | = P, p-, ound that mouldings ro 


203, 4 pp, describes line of electrical spirals and cut in circles 


: | eliminates waste unavoi 
timers, for repeat Or non-repeat manua 


. . T r with star ad] rts 
or automatic operation. National Time ۷1 ımped pa 
& Signal Corp., 21800 Wyoming Ave., S 

: 17 | bezel can be economically 1 
Detroit 47, Mich 


= Pd formed by Pyramid. 
(M-6) DRAFTING TEMPLATES 


Catalog 55, 11 pp, describes both table Write today for your free ‘Plan Book of Metal Mouldings” 
and pocket size templates for geometri- 


cal forms, dimension markings, radii, L > 
fasteners, gears, electrical and electronic | tnt (A MZ | 


symbols and components, lettering, 


burner rings or ПУ ring of 


5347 WEST ARMSTRONG AVE., CHICAGO 3 


traffic symbols, architectural detailing NEW YO8K... CALIFORNIA 


Alvin & Co., Windsor, Conn 
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Before buffing. Note the 

high quality surfaces on these raw 
Doehler- Jarvis die castings for Black 
and Decker's new V4" Utility Drill. 


How Doehler-Jarvis helps 


Blacks Deckers 


“do-it-yourself” family 


make merchandising history 


- 


After buffing. 


Front photo shows mirror 


Millions of ‘‘do-it-yourselfers” got their 
start with a Black and Decker power tool. 

What makes people reach for a B & D tool? 
...not only men, but women, too? 

В & D says, “Good looks, good design, 
good quality, good price!” 

Doehler- Jarvis die castings help Black and 
Decker achieve all four. 

That eye-catching finish, for example. It's 
not chrome. It’s “as-cast” aluminum, buffed 
to mirror brightness in one operation. No pre- 


finish attained 


Doehler-Jarvis die casts power tool 
that buff to a mirror finish in 


grinding. No roughening. No grease wheel- 
ing. Not even a final buffing after assembly. 


What's the secret of this quality finish? 


Some people just point to a raw Doehler- 
Jarvis casting. "Look at that 'Hardware' sur- 
face," they say. "Not a dent. Not a blemish. 
Not a flow mark. It's even hard to tell where 
parting line and flash have been removed." 

And certainly Doehler-Jarvis does give 
Black and Decker a casting they can work 
with. But you should see Black and Decker's 
buffing set-up. It's fully automatic, fully con- 
trolled. Air conditioned, without a speck of 
dust. Few concerns go as far as B & D to in- 
sure high quality buffing. 


Reality lies somewhere in between 


Achievements like this are to be expected 
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| | 
E iml 


housings 
one operation 


when a closely knit relationship develops be- 
tween engineers of two companies over many 
years of product development. 

Hardly a Black and Decker tool has not 
benefited in one way or another from this 
fruitful relationship. From it hascome lighter 
weight, higher precision, increased strength, 
simplified and lower cost production, many 
performance improvements. And Black and 
Decker takes full advantage of the flexibility 
of die castings to provide extra sales features 
and aid economy. 

Maybe this is the time for you to do as 
companies like Black and Decker, Singer, 
AMF, Underwood, York, and many another 
have done...time to initiate a profitable busi- 
ness and engineering relationship based on 
the use of Doehler- Jarvis die castings. 
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National Lead Company 


General Offices: Toledo 1, Ohio 
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In the 
privacy 
of your 
home... 


you can learn about our 
DESIGN OPPORTUNITIES 


ww. We 
trictly c 
Within 


1 | 
where you are iog 


will do 

nfidential 

a short time vou í І | а с; І matter 
in the You will 


'arn à active salary 


ated United States 


| 
ible to аѕк que stions bout our 


attr 


levels, the challenges inherent in aircraft engine design, 


the exce ptional opportunities for fast advancement, 


ily f future here for ambitious 


men. 


а тан Гле ct 


upon today. 


Mr. E. M. Petersor r 
Pratt & Whitney Aireraf 


1 would like to learn more about your openings for product and 


1.10, Design Employme 
t, East Hartford, Conr 


component designers. My experience has been in the following 

helds 
Nuclear Design 
Compressors 
Turbines 
Structures 
Afterburners and 
Related Equipment 


Aerodynamics 
Hydraulics 
Gears 


Bearings 
Piping 

Controls 

Valves Test Equipment 
Heat Exchangers Test Rigs 

and Combustion Problems 


Total years Mechanical Design experience 


& WHITNEY 


You can reach me at Most convenient 


AIRCRAFT 


DIVISION OF 


UNITED AIRCRAFT RF 


home telephone 


hours for receiving calls are between and 


RATION 
NAME 


EAST HARTFORD 8, CONNECTICUT 


HOME ADDRESS 


CITY 


на нин н на а на на н а ي‎ m mem RE Rm m REA o GNU Н U ج‎ tnm annm ERU ee UD Å: 


OOO CO bas mas po tes moa mer sem nem a ae cu» =з 


Catalogs and Bulletins continued 


(M-7) NoisE CoNTROL — Catalog 
SZ-55, 4 pp, describes wire-reinforced 
rubber pipe for eliminating noise and 
vibration from fluid lines. T. R 
& Co., Inc., 200 Central 


thorne, N. J 


Finn 


Ave., Haw 


(M-8) INDEXING TURNTABLES—Cat- 
alog 88-56, 12 pp, describes about 150 
various types of indexing turntables, 
rotating turntables and tables that can 
be set at practically any angle. Eisler 
Engineering Co., Inc., 750 So. 13 St 


Newark 3, N. ] 


(M-9) Catalog 18-12-1604 


8 pp, describes gages for pressure, tem- 


GAGES 


perature, vacuum, fuel, electrical meas 


urement, as well as safety 


panels, 
Stewart-W arne! 


Pkwy., Chi 


warning devices 
Corp., 1826 W 
cago 14, Ill 


Diversey 


(M-10) 


REC 


PRODUCTS LITERATURE DI 

l'ORY—24 pp, has an alphabetically 
d description of company prod 
literature 


1002 S. 70 St 


and their descriptive 
Allis-Chalmers Mtg Co 
Milwaukee, Wis 


DEVELOP 


pp, plans to 


RESEARCH 


House organ, 12 


AND 


report On activities in automotive, air 


crait, Electronig First 
available. Thompson 


Euclid Ave 


and other fields 


issue no longer 


Inc h 
Cleveland 17, Ohio 


Рг lucts 


(M-12) STANDARD THERMOM 
ETERS—Booklets (5), 6 to 7 pp each, 
include: Standard RC4-10-1955, Bi 
tallic Thermometers; Standard R(¢ 
1955 Resistance 
] RC6-10-195 Filled System 
nometers; Standard RC7-10-1955, 
stem 


FOR 


Thermometers; 

andar 
Ther 
Glass Industrial Thermometers; 
Standard RC8-10-1955, Thermocouple 
Thermometers 


(Pyrometers). These 


standards were produced by a com- 
mittee of the Recorder-Controller Sec 
tion of Scientific Apparatus Makers 
Assn., 522 Fifth Ave., New York 36 


IN. X 


(M-13) 


et 1‹ 


Book 
Ways t: 


thc 


PRACTICI 


Eleven 


DRAFTING 
pp, entitled 
Drafting 


methods of 


Save Time describes 


using intermediates to 
make quick modifications of drawings 
without changing the original. Among 
topics covered are scissor editing, mask 


bl ck Out 


printing. Frederick Post Co., 


ing, the method, and pre 


3666 N 
18, Ш. 


Avondale Ave., Chicago 


Product Design Digest Issue 





tough, versatile 


U.S. Ro Џ a l l te the sheet fabricating material 


that turns designers’ dreams into practical realities 


Is the case, cabinet, cover or other part of your 
product now made of a material which leaves 
something to be desired in.. 


Economy? Royalite® assures exact, inexpensive 
prototypes... lower tooling, finishing and assem- 
bly cost... fewer operations, 


Beauty? Royalite molds readily to shape, detail 
and contour... retaining its eye-catching, sales- 
appealing color and texture. 


Durability? Patented compounding of thermo- 
plastic fortified with rubber gives never-before 


RUBBER 
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wearability. It’s super-tough to resist impact... 
yet weighs less than any metal. Custom formulized 
to meet specific needs such as oil and chemical 
resistance, moisture-resistance, and performance 
at extremes in temperature. 


There is a Royalite sales engineer in your 
area. If you would like to have this special- 
ist call on you, please write United States 
Rubber M I Division, 


United States Rubber 


2638 N. Pulaski Road, Chicago 39 





eo’ 


е ey 2 


our business since 1899 


There is no phase in the production of wool felt in which Western Felt 


Е 


У) 
5n 


ч "wi 


is not engaged. We start with lambs wool, and end with an endless 


variety of parts for the many jobs that only felt can perform. 


„Аа 


Lax 


Through it all, we're proud to say our methods have built an en- 
viable reputation for engineering precision. Hard or soft, large or 
small, Western Felts can be relied upon to meet your specifications. 


Tell us your basic problem—and we'll put 55 years experience to 


JT 


ж 
md 


work in recommending a solution for you. Our engineers find new 


uses for felt every day. Your inquiry will receive prompt attention. 


WESTERN "hut 
4021-4139 Ogden Ave 
Chicago 23, Illinois 


Branch Offices in Principal Cities мо R K & 


MANUFACTURERS AND CUTTERS OF WOOL FELTS 


С 


eke Sd 
7 


b s 
4 Mv 
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USE TIME-SAVING 
COUPONS BELOW 


. . . fo request further information on 


all products advertised in this Digest Section 


. « . fo request your copies of product catalogs 


and bulletins listed and described in this section 


( you will find similar coupons at the end of each Digest Section ) 


Consult the Product Index begin- 
ning on page 12, when you want 
all available information on a 
particular type of product; this 
Product Index is your guide to all 
advertisements in this Design Di- 
gest Issue by manufacturers of 
this type of product. 


Circle these numbers for further information about 
advertisers appearing in this section 


27 28-9 30-1 TF 32 33-6 41-4 45-6 47 
TL48 BL48 49 L50 R50 51 52-3 54 
55 56 


Circle these numbers for your copy of bulletins 
listed in this section 


M2 M3 M4 M5 
M11 M12 M13 


COMPANY 
BUSINESS ADDRESS 


CITY, STATE 


If you have specific questions to ask about any 
product advertised, a letter direct to the manu- 
facturer, at the address given in his advertise- 
ment, will be welcome. For clarity and prompt 
service, include reference to PRODUCT ENGI- 
NEERING's Product Design Digest Issue, and 
page number of the advertisement prompting 
your letter. 


Circle these numbers for further information about 
advertisers appearing in this section 


27 28-9 30-1 32 33-6 41-4 45-6 47 
TL48 BL48 49 L50 R50 51 52-3 54 
55 56 


Circle these numbers for your copy of bulletins 
listed in this section 


COMPANY 
BUSINESS ADDRESS 


CITY, STATE 





NEW BOOKS 


General Engineering 


Dictionary of Color Names. 8 x 
1015 in., 158 pp. Publisbed by Na- 
tional Bureau of Standards, U. S. 
Dept. of Commerce, 
17, 12, С 502, 


W'asbington 


Lists QO individual color names 


id defines them in simple, accurate 
} 


that can be easily underst« od by 


erms 
| ) ) 
persons working in different fields 


Listings are arranged t permit апу 
] 


one to translate rapidly and accurately 


| 


from one color vocabulary to another 


For example, the dictionary shows that 


grisco-viridis (from biology) is equiv- 


fashion) to 
market), and finally tí 
ISC( NBS C lor 


de signations are 


alent to serpentine min 


green (mass 


light green desig 


nation These color 


precisely defined in terms of the stand 


M insell color 1 


ards of the system, and 


the designation for any color may be 
and conveniently from 


read quickly 
color-name charts 


Circular 553 is made up of four 
parts. The first part describes the tech 


NBS 


color designations for the colors of 


niques for determining the ISC( 


different types of samples. Next come 
charts from which the 
The third 


part lists all of the color names studied 


the color-name 
designations are obtained 


in groups that arc synonymous Or 


nearly so; there are 267 groups, one 
ISCC-NBS color desig 


nations. The last part, which might be 


tor each of the 


called the dictionary pr per, is an 


all of 


with 


[| iabetical list of these color 


their designa 
NBS system 


together 


ISCC 


names 


tions in the 


Temperature—Its Measurement and 
Control In Science and Industry. 
{merican Institute of Physics. 614 
x 914 in., 467 pp. Published by 
Reinhold Publishing Corp., 430 
Park Ave., New York 22, N. Y. $12. 


Twenty-four papers 
Third 


Symposium on Temperature, each pre 


from the pr: 
ceedings of th« International 
pared by one or more experts from this 


country and abroad, cover significant 


new developments in thc techniques 
of determining temperatures over the 
from 0.001 K to the core 


entire range 


58 


of an atomic explosion. Among these 


important developments are: details 
of the 1954 


tional temperature scale; 


revision of the interna 
new determi 
nations of thermometric fixed points 
revisions of the magnetic temperature 
scale at very low temperatures; the usc 
of superconductors and semiconductors 


discus 


For temperature measurement, 
sions of partial temperatures and limi 
tations of temperature concept in non 
equilibrium situations; optical methods 
of temperature measurement; and tem 


pe rature measurements in engineering 


Principles of Nuclear Reactor En- 
gineering by Samuel Glasstone, 
Consultant, U. S. 
Commission, 914 x 61 in., 861 pp. 
Published by D. Van Nostrand Co., 
Inc., 250 Fourth Ave., New Yor 3, 
N. Т, 57.99. 


Atomic Energy) 


Nuclear reactor engineering encom 
passes the design, construction, and 
operation of reactors for the release of 
energy in a continuous and controlled 
manner by the fission of certain atomi 
nuclei. This book describes the funda 
mental scientific principles upon which 
reactor engineering is based. The prin 
ciples are not complicated but in trans 
lation into practice various problems 
are encountered because of the peculiar 
nature of the fission process and its 
associated radiations. Reactor engineer 
ing is largely concerned with the solu 
tion of these problems 

To facilitate group cooperation this 
book covers a wide range of topics to 
give an over-all review which will help 
the individual engineer understand th« 
relationship of his activities to that of 
the group. The subject is treated in 
breadth rather than in depth; nearly 
every chapter is an introduction to a 


particular aspect of reactor design 


Ultrasonic Engineering by Alan E. 
Crawford, 534 x 834 im., 344 pp. 
Published by Academic Press, Inc., 
125 E. 23 St., New York, N. Y. $8. 


With the advent of magnetostrictive 


materials as sources of ultrasonic en 


work on the effects and uses of 


ergy, 


high intensity vibratory waves in 


creased rapidly. The object of this 


book IS tO 


mass of data 


collect and correlate the 
available on the effects 
and applications of ultrasonic waves 
and to treat in detail basic methods of 
generation 

In the past, ultrasonics was consid 
ered to lie mainly in the field of the 
physicist. But the application of ultra- 
sonic processes place it in the field of 
the engineer, for whom this book has 
been written. Thorough knowledge of 
the underlying basic theory which the 
book supplies is essential to the suc- 
cessful application of the method. The 
practical discussed are 
based on the author's work during his 


issociation with the research and de- 


applications 


velopment team at Mullard Research 
Laboratories and an exhaustive survey 
of current British and American prac- 
field 


tice in the ultrasonic 


Noise-Reduction Manual Ру Р. Н. 
Geiger, 6 x 9 in., 167 pp. Publisbed 
by University of Michigan Press, 
{nn Arbor, Mich. $5. 


Originally prepared under the aus 
pices of the Office of Naval Research, 
this volume is intended as a practical 
aid to noise control, rather than an 
elaborate accoustical reference work 

It starts with a review of the princi- 
pal means by which sound waves radi- 
ated to the environment by a machine 
can be reduced. Specific methods are 
offered and sample installations de 
scribed 

A short but useful chapter is in- 
which defines the terms and 
mathematical units used in noise re 
Brief descriptions of 


cluded 
duction work 


psychological loudness, sound level 
bend pressure level and pressure spec 
trum level give the basic concepts and 
terminology required by the investi- 
gator 

Subsequent chapters give detailed 
information on sound absorption and 
insulation, vibration damping, vibra- 
tion isolation, and the instruments and 
techniques used to measure and ana 


lyze the sources and control of sound 
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SECTION А 


General 


Interpretation of Fracture Patterns by Charles Lipson 


Numerical Machine Tool Control by L. W. Herchenroeder 


Effective Report Writing by Ralph A. Richardson and C. A. Brown 


Types and Uses of Nuclear Reactors 


Characteristics of the Large-Scale Calculators by John W. Carr Ill and 
Alan J. Perlis 


Characteristics of the Small Computers by John МУ, Carr Ill and Alan J. Perlis 


Nondestructive Testing 


Research and Development Stockroom — Organization and Management 
by Leo Rosen 


General 
Engineering 


Metals and 
Alloys 


Nonmetallic 
Materials and 
Finishes 


Fabrication 
and Production 
Processes 


Power 
Transmission 


Mechanical 
Parts and Design 
Analysis 


Fastening 
and Joining 


Motors, Engines 
and Controls 


Electrical 
and Electronic 
Components 


Hydraulic 
and Pneumatic 
Equipment 


A 





Fig. I—Failure that occurred as a simple fatigue 
fracture. Point of fracture origin and direction of 
its growth are shown by pattern of stop marks 


From 


Fracture Patterns 


CHARLES LIPSON 


Consultant 


MANY FAILURES in machine parts rc 
sult from The 
failure is normally applied to fractures 


fatigue term fatigue 
caused by repeated load applications 
at a calculated stress that is consider 


ably lower than the stress that would 
be required to cause failure in a single 


load application 
Fatigue failures result from specific 
causes. In addition, all the reasons for 
forth 
fracture 


failure are set in detail on the 


face of a Interpretation of 
fractures, however, may not always be 
simple or easy because it may be influ 
(1) Adverse 
form of part, such as keyways or other 


Lack of 


such as decar- 


enced by many variables 


severe contour changes; (2 


uniformity of material 


A2 


Failure of Machine Parts—Prevention and Cure 


Interpretation 


ot 


Residual 


(4) Surface conditions; (5) 


burization of surface; (3) 
stresses; 


Resonant vibrations 


BASIC PATTERNS. The loads 
sible for failure generally can be deter- 


from 


геѕр‹ MM- 


mined basic fracture patterns 
Where complex loading may have ex- 
isted prior to failure, a peculiarly 
shaped fracture possessing character- 
istics of more than one basic pattern 
can be expected. 

One must look not only to the origin 
of failure but must complete the pic- 
ture by determining both the type of 
load which has been acting and the 
existence of any possible additive fac- 
tor, either initially present or devel- 
oped after the first formation of a 
fatigue crack. An example of a devel- 


oped additive factor is resonant vibra 


Fig. 2—Cracks originating at three separate points on periph- 
ery of axle spread until joined in final rupture. Failure of this 
locomotive main driving axle occurred as a compound fracture. 


tion that may be set up in a member 
subjected to torsion as the result of 
change in characteristics after a crack 
has started 

Fundamentally, the origin of failure 
can be found by locating the center of 
radiation of the fatigue waves. The 
point of origin of a failure can be 
traced to any of a number of causes 
Surface imperfections, grinding marks, 
forging marks, and stress raisers such 
as keyways and fillets. Several points 
of origin are often observed. In such a 
case the resultant fracture pattern is 
affected by the influence of each initial 
crack, the consequent wave form of 
which will act jointly with the wave 
forms of the other initial cracks 


TWO KINDS OF FRACTURES. Fractures 
in general can be described as simple 
and compound. A simple fracture re 
sults from a single crack that spreads 
across the cross section and causes ulti 
mate failure 

The simple fracture shown in Fig. 1 
implies the initial existence of a point 
on or near the surface that was weaker 
than any other on the periphery of that 
particular transverse plane. This point, 
therefore, became the sole origin of 
the crack. It may be thought that the 
weakening effect of this first crack 
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Stress Condition Nc 


Low 


)verstress 


I 
One-way bending load 





п 


Two-way bending load 


ш 
Reversed bending ond 
rotation lood 





(3A) 


ا 


Fig. 3— Typical fatigue failure fracture patterns that result from one-way 


ild 112, | 1 ‚мам 
wouid Cause additional Cracks го stal 


forming at other weak sections, but 


this “touching off” action is rarely 
shown in experiments 

A compound fracture results from 
two or more cracks that spread from 
different points on the periphery of the 
section and cause a joint effect on the 


The 


? seems to have 


fracture appearance compound 
fracture shown in Fig 
been produced by two or more indi 
vidual cracks originating in different 
highly stressed points 

ZONES. Fatigue frac 


tures occur without perceptible ductil 


Two DISTINCT 


ity. The fracture face 1s composed ot 


two distinct regions: onc smooth and 


velvety—the fatigue zone; and the 


crvstalline—the in 
The 
simple fracture is usually evident at 
some point on the fracture face. From 


other coarse and 


stantaneous zone nucleus of 


this origin, after many cycles of stress 
the crack propagates itself through the 
cross section until not enough sol 
metal remains to sustain even < 
load application, consequently it 
tures suddenly 

A part that failed in fatigue is shown 
in Fig. 1. The fatigue crack originated 
at one corner of the tang and spread in 
a generally peripheral direction. This 
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Stress Concentration | Mild 


High 
verstress 


Low 
Overstress 


relatively Weak 
have been 


mort 
l 


if in the design of the part 
had 


tang 


fillet been 


of the 


generous ѕресіпе 
thc base 
First phase of this fatigue mecha 


takes 


long period of time. As a 


nism cycles and often 


many 
result, the 
progressive portion of the fatigue frac 
ture is smoothed by the continual rub 
bing that takes place between the tw 
faces of the crack. That portion of the 
failed 


rough 


metal which instantaneously 


however, has a grainy surface 
STOP MARKS 


fractured 


The 


surface 1s 


smooth area of the 

further identified 
in practically all service failures by 
what are known as fatigue stop marks 
Unless the stop marks are obliterated 


during 


the final phase of the fracture 
they make quite evident the rate of 


progress of the crack 


BEACH MARKS. Magnification of stress 
in the region of a stress raiser, such as 
a small fillet or a peripheral groove, 
causes fractures to be initiated at sev 
eral points almost simultaneously. As 
these individual cracks propagate, they 
The 
lines of juncture of these cracks are 
known as beach marks 


join to form the final fracture 
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High Stress Concentrat 


Low High 


Overstress Nerstress 


ding loads 


FATIGUE FAILURES IN BENDING. I 


{лїї 3 1 | hendir 
гапигеѕ causea Dy DEn 
all the characteristics s 


The 


two zones a 


fracture face 1s 
smooth velx 


tigue zone, which may or may not 


1 


show stop marks; and a coarse bright 


crystalline instantaneous fracture zone 


Relative SIZCS, shapes and le cations ol 


e magnitude 
1 


these zones result from tl 


nd direction of the imposed loads as 
absenc: і 


well as the presence or 


stress concentration notches 
The sketches in Fig 
itatively the effect of metl 
and stre 


ng, magnitude of overload 


concentration on the appx 


type of 


arance 


fracture. Conversely, the 


1 


responsible for failure can be det: 


mined from the appearance of fract 


The fatigue zone is denoted by 


lined areas and the 


by cross-hatched areas 


instantaneous zon 
In Fig. 3 
cal patterns are shown that result 


the principal types of loading 


Case I—One-Way Bending Load 


NO STRESS CONCENTRATION. I 
LA) and (1B) 


curs at the surface or at the 


Maximum stress oc 
extreme 
radius. Under this stress, a s 


tically shaped fatigue crack 





Point of subsurface 


failure 
Surface 


Center line | t 


Fig. 4—Under certain conditions of non- 
uniform strength such as in the surface 
of parts that have been heat-treated, sub 
surface failure may occur at the transi- 
tion from case to core where, if the 
hardness gradient is sufficiently steep, 
the ratio of stress to strength at the 
transition zone may be greater than one. 


the most susceptible nucleus such as 
a tool mark or other surface flaw. Be- 
cause of the decrease in distance from 
the neutral axis, the stress at the edge 
of this crack becomes smaller. As the 
crack progresses inwardly, its radius of 
curvature increases 

The 


smooth and ragged areas, correspond- 


relative proportions of the 
ing to the fatigue and instantaneous 
zones, respectively, depend upon the 
degree of overstress to which the mem- 
ber is subjected. A relatively large in- 
stantaneous zone is indicative of high 
overstress; a small instantaneous zone 
is the result of low overstress and 
often a great number of cycles prior to 
tailure 
Frequently a second crack starts in 
the compression area, probably as the 
tensile caused by 


result of stresses 


elastic forces that tend to restore the 
part to its original shape during the 
unstressed portion of the fatigue cycle 


MiLD STRESS CONCENTRATION. Fig 


5: (1C) and (1D). In a member hav 


ing a notch, the forces around the base 
of the notch are abnormally high be- 
cause of stress concentration. These 
cause the contour of the crack to flatten 
crack 


around the circumference nearly as 


out, because the 


progresses 
fast as it progresses inwardly. The size 
of the 
again 


fracture 
is determined by the 
umount of oOverstressing 


instantaneous zone 


relative 


HIGH 


3: (1E) and (1F). If the stress con- 


STRESS CONCENTRATION. Fig. 


centration is sufficiently large, the 
curvature of the fracture zone actually 
changes sign and becomes concave, be- 
rate of crack propagation 
along the periphery is greater than the 


rate in the radial direction 


A4 


cause the 


le stress 


Max 
shear stress 


Max shear stress 
(A) Shaft without stress concentration 


(B) Stress distribution 
oround a hole 


Max shear 
stress 


Max shear 


и 


Case II—T wo-Way Bending Load 
No STRESS CONCENTRATION. Fig. 3: 
(2A) and (2B). For a member highly 
but uniformly overstressed, the cracks 
start almost simultaneously at the op- 
posite extreme fibers, proceed toward 
the center at approximately equal 
speeds, and produce a symmetrical frac- 
ture. For a member lightly overstressed, 
the surface conditions and accidental 
influences play a much more important 
part. The fracture starts at a local stress 
concentration and progresses part way 
before the crack on the other side 
starts; this makes the unsymmetrical 
fracture. The amount of overstressing 
determines the size of the instantane- 
ous fracture zone 


MILD STRESS CONCENTRATIONS. Fig 
3: (2C) and (2D). The presence of a 
mild stress concentration has the effect 
of flattening the curvature of the in- 
stantaneous zone because of the greater 
growth of the crack around the periph- 
radial The 
amount of overstressing determines the 
size and symmetry of the instantaneous 


ery than in a direction. 


fracture zone. 


HIGH STRESS CONCENTRATION. Fig 
3: (2E) and (2F). A high stress con- 
centration causes the crack to propa- 
gate around the periphery at such a 
high rate that the curvature of the 
fracture zone is inverted from concave 
to convex. All other factors affecting 
fracture in one-way bending as previ- 
ously discussed are applicable here. 
Whether the fatigue crack termi 


Fig. 5—Stress distribution in a 
torsionally loaded shaft. — (A) 
Without stress concentration, max- 
imum tensile stress and maximum 
shear stresses are equal.—(B) and 
(C) Transverse hole in shaft in- 
creases maximum tensile stress to 
four times maximum shear stress. 





Max 
shear stress 
n 





Max shear stress 


(C) Shaft with stress concentration 


nates with a convex or concave curva 
ture depends not only upon the degrees 
of stress concentration and of over 
stress, but also upon the relative tough 
ness or brittleness of the material. Fo: 
example, Fig. 3: (2C) 
tive of fatigue failure for a mild steel 
with a moderate stress concentration 


1S repre senta- 


such as a circumferential round-bottom 
notch. A notch of the same shape in a 
hardened steel, however, would cause a 
fracture much more similar in appear 
ance to Fig. 3: (2E) because of the 
heightened notch sensitivity of the ma 
terial 

Concavity of the fatigue crack in 
Fig. 3: (2E) is caused by accelerated 
crack growth around the periphery as 
the result of stress concentration. In 
general, concavity of the fatigue crack 
increases with increased stress concen 


tration or notch sensitivity 


Case III—Reversed Bending and 
Rotation Load 


NO STRESS CONCENTRATION. Fig. 3 
(3A) and (3B). The maximum stress 
occurs at the two extreme fibers. If, as 
usual, the metal is weaker at one side 
than the other, the fracture starts at 
one side as a small elliptical crack 
Each successive crack boundary ad- 
vances radially and is of increasing 
radius, becoming a straight line before 
the center of the member is reached 
Notice that the crack “turns around 
against the rotation. This phenomenon 


is termed crack slip. 
With low overstress, the crack trav- 
erses well into the middle of the piece, 
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or even beyond to actual frac 
ture. With high overstress the member 
may fail before the 


gressed very far 


prior 


crack has pro 


MILD STRESS CONCENTRATION 


3: (3C) and (3D) 


Fig 
With high over 
stress, the notch causes early crack for 
mation and rapid crack progression 
around most of the periphery. Thus 
the iastantaneous zone is centrally lo 
the varying 
slightly in position with severity of the 
notch and ductility of the material. In 


cated on fracture face 


contrast, slight overstressing tends to 


start the crack at the weakest 


point 
the instantaneous zone is displaced 
from the point of crack initiation. Oaly 
an extremely tough material under the 
latter condition shows no response t 
concentration 


the stress caused by a 


notch and shows an instantaneous area 


located at the periphery 


HIGH STRESS CONCENTRATION 
3: (4E) and (3F) 


Fig 
A combination of 
severe stress concentration and high 
overstress Causes fatigue cracks to start 
simultaneously all round the circum 
ference. Progressing radially, the cracks 
leave a fairly concentric circular of 
elliptical instantaneous fracture well 


inside the fatigue area. As shown in 
the sketch (3E), less overstress again 


lisplaces the instantaneous zone 


Tensile 


Transverse 
shear 


Longitudinal 
sheor 





Basic Pattern 


SUBSURFACE ORIGIN OF CRACKS. Fa- 
tigue cracks can originate at points 
below the surface of the piece if the 
proper conditions exist. A fatigue 
crack always originates at that point 
in the metal where the ratio of the 
local stress to the endurance limit of 
the metal is highest. Ordinarily these 
points occur on the surface of the piece 
because the metal is comparatively uni- 
form in strength across its section and 
because the stress distribution in tor- 
sion or bending results in maximum 
stress at the extreme fibers. Pure ten- 
sion is relatively rare in machine parts 

There may exist, however, at some 
point below the surface a crack or 
other metallurgical discontinuity, aris- 
ing usually from fabrication processes, 
that causes the strength in its immedi- 
ate vicinity to be considerably lower 
than the surface strength—especially 
if the piece has a smooth surface finish. 

The result is likely to be a fatigue 
crack that originates at the subsurface 
discontinuity and grows toward both 
the outside of the piece and the center. 
A similar situation can occur under 
certain conditions of nonuniform metal 
strength as the result of surface heat- 
treatment. Here if the hardness gradi- 
ent is sufficiently steep, as in Fig. 4, it 
is possible for the ratio of stress to 
strength to be highest in the region of 
transition from Case to core 
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TENSILE AND COMPRESSIVE FRAC- 
TURES. Because fatigue testing in ten- 
sion and compression is not very com- 
mon, little information on 
from these causes is available. A fa- 
tigue failure in a rotary bending test, 
however, is essentially caused by ten 
sion; hence, the formation of zones is 
approximately the same. 

When a crack starts at the surface, it 
usually spreads fairly uniformly across 
the section, with about the same curva 


fractures 


ture because the stress is constant 


Two KiNDS OF TORSIONAL FAILURE 
Torsional fatigue failures occur in one 
of two modes: Along the planes of 
maximum shear; or, along the plane of 
maximum tension. The state of stress 
in a shaft subjected to a torsional load 
is diagrammed in Fig. 5. Maximum 
shear stress occurs along the axis of the 
shaft and at right angles to it, while 
the maximum tensile stress acts at 45 
deg to the two shear stresses. There 
fore, the two basic modes of torsional 
failure are: (1) Longitudinal or trans- 
verse, along the planes of maximum 
shear; (2) Helical, at 45 deg to the 
shaft axis, along the plane of maximum 
tension 

These of failure are 
sketched in the first column of Fig. 6 
Fractures which depart in appearance 
from these basic 


basic types 


modes may seem 


Variations of Basic Pattern 


Star pattern 


Small! step 





Saw tooth due to stress 
concentration ot fillet 


Dy 
IT 


Lorge step 





Fig. 6—Basic types of torsional failure fractures with sketches of their respective patterns and several of their common variations. 
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Fig. 7—Star shape torsional fatigue fracture caused by many points of 
origin of tensile failures on planes at 45 degrees to the longitudinal axis. 


anomalous but can be readily explained 
when local stress distribution and ma- 
terial properties are taken into account 


rO EXPECT. It will 
5(A) that in a 
shaft subjected to a torsional load the 


WHICH 


be noted 


FAILURI 
from Fig 


maximum shear stress is equal to the 
maximum tensile stress. However, the 


corresponding UW( strengths in steel 


are not equal, the shear strength being 


approximately one-half the tensile 


strength. The shear stress, therefore, 


will reach the shear strength before the 


tensile stress will reach the tensile 


strength; therefore, a shear-type failure 


will result. The reason that transverse 


cracks are more prevalent than longi 


tudinal cracks is that grinding or ma- 


chining marks, which accentuate the 


this torsional 
Sim oth > а 


Fig. 8—Surface of 


fracture rubbed 


appearance of transverse failures 


fatigue 
characteristic 


probability of failure, are oriented in 
the transverse direction. 

When a stress concentration is pres- 
ent, such as a transverse hole in a shaft, 
Fig. 5(B) and (C), it tends to cause 
a tensile fracture, that is, a crack at 
45 deg to the axis of the shaft. This 
change in mode of failure results from 
the changed stress distribution caused 
by the stress concentration, which for 
a transverse hole is equivalent to a 
factor of four. The effect of this stress 
concentration is to raise the tensile 
stress to four times its normal value. 
The shear stress remains substantially 
the same. 

Thus, although the tensile strength 
is still twice the shear strength thc 
times the 
tensile 


stress is now four 
stress. Therefore, the 


tensile 
shear 


stress will reach the tensile strength 


before the shear stress will reach the 
shear strength; a tensile (45 deg) type 


of fracture will result 


FINISH 
torsional loading the quality of surface 


SURFACI Under fluctuating 


finish is more important than under 
bending or axial loads. This is because 


marks, 


tool marks and 


grinding 
scratches are usually located at right 
angles or along the axis of the shaft, 
that is, along the planes of maximum 
shear stress. Although shear stress is 
over one-half the tensile stress in bend 
ing or in direct tension the two stresses 
are equal in torsion. Because of this 
equality of stresses, a transverse tool 
mark is more dangerous in a part sub 


jected to a torsional load 


SPLINED SHAFTS. Splined shafts almost 
always produce a characteristic com 
pound fracture. Fatigue cracks origi 
nate almost simultaneously at all the 
about the 


spline roots and grow at 


same rate until the remaining sound 
material at the center of the shaft rup 
tures instantly. The result is essentially 


a transverse fracture 


HOLLOW SHAFTS. The inception of fa 
tigue fractures in hollow shafts with 
no geometrical stress raisers is gov 
erned by the same laws as in solid 
shafts. The progress of the crack, how 
ever, is different. In a hollow shaft the 
stress gradient is small, causing the 
fracture to be nearly transverse, or, at 


the most, to be only slightly helical 


гоча 
^. 


mv 


Fig. 9—Fatigue failure of pivot shaft occurred from reversed bending. Re- 
versal of lines in fatigue zone indicate either high stress concentration in a 


mild steel or mild stress concentration in a hard steel. 
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From: Machine Tool Electrification Forum 


Numerical 


Machine Tool Control 


W. HERCHENROEDER 
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Westinghouse Electric Corporation 


MANY MACHINES have been and are 
being built to obtain the benefits ac- 
cruing from external programming of 
the operation of automatic machines 
on cards or tape. The diversity of con 
trol devices and circuits employed can 
be better understood by 
tion of their 


a considera- 
fundamentals and thus 
provide a common basis for a general 
description and discussion of the 
numerous physical systems 


The 


the numerical control of a hypothetical 


various functions involved in 


shown in the 


Many 
not have all of the functions listed and 


machine tool ar« block 
diagram of Fig. 1 svstems do 


the functions may not be in the same 
relative locations 

Usually, though not necessarily, a 
drawing of the part to be produced 
represents the starting point for de 
velopment of the program. From this 
drawing, the next step is to prepare a 
manuscript containing a detailed de- 


scription of all machine operations 
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Comporotor سم‎ Amplifier اخ‎ 


This 
as the 
feeds 


necessary to make 


the part 
description includes such items 
tooling, distances to be moved, 
speeds, and auxiliary operations 
Information on the manuscript is 
then transferred to the program stor 
age medium in the form of cards or 
tape, which for relatively simple sys 
tems serve as the input to the machine 
controls. More complicated systems, 
such as those for contouring, usually 
require that the cards or tape be fed 
into a computer where the tool path 
including cutter 
and recorded in 
medium 


offset, is calculated 


the primary storage 
Interpolation is performed in the 
lirector which generates the secondary 
storage medium as the input to the 
The 


the 


machine control 
included within 
lines of Fig. 1 comprise the machine 
control As part of the machine con- 
trol a reader is required to extract th« 


actual 
ponents 


com 


dashed 


information from the secondary stor 
age medium. The data must be stored 
while being used by the control sys 
tem; this storage may be accomplished 
by the reader itself or by internal 
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| 
| Secondory 


Director 
| storoge 


To machine 


Position 
meosuring 


storage in the machine control, a« 
cording to the particular system. 

At this point, position data are fed 
to the closed loop systems controlling 
the machine motions. Since the actual 
machine motions are analog in nature 
while the data taken from the draw- 
ing are digital, a digital-to-analog con 
version must, therefore, take place at 
some point in the programming or in 
the control system. The exact point at 
which this conversion takes place de 
pends on the individual system. It may 
occur at the last possible point, at 
the machine motion itself, but in some 
systems conversion is performed in the 
computer so that data in 


secondary storage are analog 


the the 

Numerical control implies the use 
of information in numerical or digital 
form as contrasted to that in analog 
form. Digital information implies in 
formation in the form of pulses, while 
analog information implies continuity 
The distinction is more subtle, how 
ever, since analog information often is 
presented in the form of pulses. This 
distinction is that digital signals are 
concerned only with a number of 
states of the signal, usually two, while 
analog signals are concerned with the 
value of some characteristic of the 
signal 

The use of digital information im 
plies counting, while that of analog 
information involves comparison of 
some characteristic of the signal to a 
standard. For example, assume that a 
voltage signal is used to represent 
distance. In Fig. 2 are shown a direct 
voltage analog signal and an alternat 
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Direct voltoge onolog signols 


Alternoting voltoge onolog signols 


Fig. 2—Amplitudes of direct voltage and 
alternating voltage analog signals indi- 
cate a measure of distance 


ing voltage 


dicate 


analog signal, both in 
a measure of distance in terms 
of voltage amplitude. For the alternat- 
ing voltage, distance could have been 
made proportional to frequency or 
phase. All three indications represent 
analog signals 

In Fig ? are shown pulse signals 
which are also analog in nature. In 
Fig. 3 (A) the quantity of distance is 
proportional to the height of the pulse, 
in Fig. 5 (B) it is proportional to the 
width of the pulse 

Digital 
states. These states may be the pres 


signals usually have two 
ence or absence of a voltage or a volt- 
age of one polarity as compared to a 
voltage of the opposite polarity. With 
in reasonable limits the magnitude or 
shape of the voltage pulse is not criti 
cal; the permissible variation depends 
on the components used in the particu- 
lar control system. The lack of sensi- 
tivity to reasonable variations in the 
signal is the basis for the high inherent 


accuracy of digital systems 


From the standpoint of application, 


numerical controls for machine tools 
can be divided into three groups, ac 
cording to function of the machine; 
these are controls for positioning, 
straight cutting, and for contouring 
Positioning control, most simple of 
the three types, may be used for drill- 
ing and punching operations. In this 
type only the end points of travel are 
of interest and overshoot may be toler- 
ated. In general, it does not matter 
what path is taken between two holes 
except that the path chosen may affect 
the time required for travel. A choice 
of path, however, may be restricted by 
the necessity of avoiding obstructions 
Straight-cut control such'as would 


be used for the turning of a stepped 
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Fig. 3—Analog pulse signals. — (A) 
Quantity is proportional to height of 
pulse. — (B) Is proportional to width. 


(B) 


Table I—Equivalent Numbers in 
Decimal and Binary Form 


Decimal Notation | Binary Notation 


0 
1 

10 
11 
100 
101 
110 
111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 
10000 


1000010001 


shaft in a lathe is more complex. In 
this type, position of the tool must be 
controlied not only at the end points, 
but at al' points along the path of the 
cut. The feed rate must also be con- 
trolled and overshoot is not acceptable. 
More than one machine motion is usu- 
ally required. When two or more mo- 
tions are used at the same time, how- 
ever, coordination between the posi- 
tion controls is not required. 
Contouring control requires the pro- 
gramming of any tool path that can be 
generated by the machine motions 
Usually simultaneous position control 
of two axes is required as well as the 
control of the feed rate. The necessity 
for programming the feed motions in 


small steps to follow arbitrary curves 
and the necessity to make correction 
for cutter offset makes contouring con- 
trol much more complex than positioa- 
ing or straight-cut control 

Numerical control systems may also 
be classified as incremental or absolute 
systems depending on how the posi- 
tion data are handled. The apparatus 
required for an incremental system is 
more simple, therefore, it has greater 
inherent economy and reliability than 
an absolute system 

Incremental systems specify a new 
position in terms of the distance and 
direction from the last position. In 
these systems, an error in programming 
a given position affects all succeeding 
positions. Also, power failure presents 
a problem in that the system may lose 
its memory of position, thus making it 


bac k to 


point to pick up the program 


necessary to go some base 

Absolute systems specify each posi 
tion in terms of the distance from some 
arbitrary base. With these systems, an 
error in programming is not passed on 


to succeeding positions 


Coding of numerical information, 


particularly in the primary storage 
medium, is receiving attention from 
machine tool builders. Drawings and 
other design data generally use decimal 
notation. Fractional notations, how 
ever, if used can readily be converted 


to decimals. 


Since decimal numbers involve the 
use of ten digits, from zero to nine, to 
represent these digits mechanically re 
quires that the mechanism have ten 
possible states. In desk type calculators, 
this is accomplished with gears having 
ten teeth, each of which represents one 
of the decimal digits. In Fig. 4 is 
shown a comparable arrangement for 
punched cards or tape; each of the 
decimal digits is assigned to one of ten 
positions. A specific decimal digit is 
indicated by punching a hole at that 
precise position 
rangement for indicating decimal dig- 
its on magnetic tape or cards is based 
on magnetization in one direction as 


A comparable ar 


equivalent to a punched hole, and no 
magnetization 
the opposite direction) as equivalent 
to no punched hole 


(or magnetization in 


Cards and tape, and control compo- 
nents such as relays, electronic tubes, 
magnetic and semiconductor devices, 
all lend themselves readily to a two- 
state type of operation. This suggests 
the desirability of using numerical in- 
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Fig. 4—Typical card or tape as punched 
to indicate the number 529 decimally. 


formation in the binary rather than 
decimal form. 

In the binary system only two digits, 
zero and one, are arranged to repre- 
sent any particular number. Table I 
shows how identical numbers are ex- 
pressed in both binary and decimal sys 
tems. Binary coding for an arbitrarily 
chosen number, 529, is shown in Fig. 5. 
While ten channels are used in both 
Figs. 4 and 5 to represent 529, the 
binary coding requires only one col- 
umn, but three columns are required 
for the decimal coding. 

The three columns of Fig. 4 can be 
represent all numbers from 
zero through 999. The single column 
in Fig. 5 has the capacity to represent 
all numbers from zero to 1023, but has 
a practical disadvantage in that it is 
virtually impossible for an individual 
to recognize by inspection the decimal 
equivalent of a binary number of any 
magnitude. In general, it is mecessary 
to have a table of values, a pad and 
pencil, or a desk calculator to make 
this conversion. 

Further, when large numbers are 
difficult to transcribe 
binary numbers without error because 


used to 


involved it is 


of the monotony experienced when 
working with zeros and ones 


Fig. 6 — The number 
529 as indicated in 
8421 code by punches 
on à card or tape. 


[Redundoncy check 





Fig. 5—Card or tape punched to indicate 
the number 529 in binary coding. 


As a compromise between decimal 
and binary coding, coded decimal nota- 
tion has most of the advantages of both 
and few of their disadvantages. A mini- 
mum of four binary digits are required 
to represent the ten decimal digits 
Accordingly, the inclination is to use 
the first ten binary numbers. This is 
known as the “8421 code”; decimal 
equivalents for this code are given in 
Table II. Note that the binary repre- 
sentations for 10 to 15 are not used 

For decimal numbers larger than 
nine, each of the decimal digits is rep- 
resented by the proper combination of 
four binary digits, as shown in Table II 
for the number 529. The 8421 code is 
weighted; that is, a definite decimal 
value is associated with the “ones” in 
each of the four positions. By adding 
the weights associated with the “ones” 
in a particular coded number, the deci- 
mal value can be obtained 

As shown in Fig. 6 the number 529 
in the 8421 code requires four rows 
and three columns, for a total of 12 
possible hole positions. This compares 
with ten holes for the binary code in 
Fig. 5, and 40 holes for the straight 
decimal code in Fig. 4. Thus the econ- 
omy of coded decimal notation ap- 
proaches that of the straight binary 


Table II—Decimal Equiva- 
lents for the 8421 Code 


Decimal Coded Decimal 
0000 
0001 
0010 
0011 
$100 
0101 
01:0 
0111 
1000 
1001 


чол ьо ы ~ о 


. о 0 


Fig. 7—Tape punched to give an odd number of | 


holes in each column permits checking for errors. 
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code and considerably exceeds that of 
straight decimal notation 

The readability of weighted decimal 
codes is superior to that of the straight 
binary code and compares favorably 
with the straight decimal code. Deci 
mal digits represented can be obtained 
easily by adding the weights associated 
with the holes. An added advantage is 
that operators quickly develop the abil 
ity to recognize on sight the value of 
the numbers represented 

The 8421 code is not the only code 
that can be used. There are more than 
70 million ways in which the ten deci 
mal digits can be represented by four 
binary digits. Even though only 17 of 
this 70 million are positive weighted 
codes, codes which are not weighted 
and those employing more than fou: 
binary digits are also of significance 
for numerical control. Among several 
decimal codes, the “2421” and “excess 
three” codes have the property of form 
ing the nines complement by simple 
inversion; this is helpful in arithmetic 
operations. The biquinary code always 
has a “one” in one of the first two rows 
and a “one” in one of the last five rows 
This characteristic 
error checking 


is most useful for 


Checking for errors is made possible 
through the inclusion of redundant in 
formation. For example, Fig. 7 shows 
the addition of a fifth row which is 
punched to insure that each column 
contains an odd number of holes. A 
single error will, therefore, result in 
an even number of signals per column 
Through circuitry designed to register 
odd or even numbers of holes it is pos- 
sible to indicate that an error has been 
made. By more elaborate 
dundant information it is possible to 
check more than one error and actually 


use of re 


to locate and correct errors. 

At present, many varieties of ma- 
chine control systems have been built 
which have incorporated some of these 
basic ideas. The future is certain to see 
many other new applications of nu- 
merical control and of designs which 
cannot be anticipated. Many of these 
will apply the principles now used in 
the numerical control of machine tools 


REFERENCE: 

“Some Basic Aspects of Numerical Ma- 
chine Tool Control,” by L. W. Herchen- 
roeder. Paper presented at the 20th Annual 
Machine Tool Electrification Forum; spon- 
sored by the Westinghouse Electric Corpo 
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GENERALLY, technical report writing 
falls into four categories: (1) letters, 
(2) memorandum reports, (3) prog- 
ress reports, and (4) final reports. 

It may seem strange that letters are 
considered a form of technical report- 
ing. Often, however, they include im- 
portant data or facts. Information— 
written to associates—concerning a 
particular project or investigation is of 
great value in the preparation of a 
progress or final report. 

The memorandum report is usually 
written on a standard form for limited 
distribution within an organization. It 
is purposely kept as short and to the 
point as is practical to get pertinent 
information about a particular project 
on paper as quickly as possible. Dis- 
tribution is to people in the organiza- 
tion who can use it effectively in con- 
nection with their own work. 

The progress report generally is 
much longer and more formal in its 
style and format than the memoran- 
dum. Usually, a progress report is made 
when work on a project has reached 
the end of a particular phase or at 
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regular intervals set by management 
For example, a long range project of 
possibly two or three years’ duration 
should produce a progress report at 
the end of the preliminary investiga- 
tion or literature searching phase. At 
this point it would be decided whether 
or not to continue the project on the 
strength of the information uncovered 
Progress reports many times are pre- 
pared to recommend steps in future 
planning or to indicate results that 
may be forthcoming. Such reports also 
keep top management informed regu- 
larly of the activities going on in the 
engineering department 

The final report, as its name implies, 
is the last to be written concerning a 
particular project or investigation. It 
is often quite long and covers in mi- 
nute detail all the salient facts about 
the project. A great deal of care must 
be exercised in writing the final report 
as it becomes a permanent record, and 
the conclusions, recommendations, and 
data it contains may be used for many 
years as a reference for making deci- 
sions and in gathering material on new 
investigations. 

Experience has shown that the engi- 
neer who performs the experiments 
should be responsible for writing the 
report, since he knows all the details 


Organizing the Technical Report 


There are many ways of organizing 
and writing a technical report. The 
method used will depend upon the use 
to which the report will be put and the 
kind of subject matter it contains. In 
other words, the kinds of readers and 


* The Journal is available regularly only to 
engineering educators and technical libraries 
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what they need to get from the report 
will govern the organization and lan- 
guage. In addition, there are sometimes 
"ground rules" of the organization that 
must be observed. 

No matter who the readers are they 
will want to know early in the report 
what it is about, the extent of the cov- 
erage, and the most significant infor- 


mation contained in the report. For 
this reason, reports that are predomi- 
nantly informational are oftentimes 
preceded by a summary or abstract to 
provide the user with a quick under- 
standing of the content. The validity 
of such a report rests upon its com- 
pleteness, accuracy, and ease of use. 
On the other hand, a report that gives 
the outcome of a study, an investiga- 
tion, or research must provide a clear 
statement of the problem, an explana- 
tion of the method employed in solv- 
ing the problem, and a clear statement 
of the results or conclusions 

One method of organization that is 
used in reporting a piece of research 
or information is as follows: Title, 
Table of Contents, Opening, Conclu 
sions, Recommendations, Body of the 
Report, Reference List 

One of the first steps in an engineer- 
ing investigation is to make a search 
of the literature in the field of the in- 
vestigation to find out what others 
have done on the same or similar en- 
gineering problems 


Title. The title should indicate the 
contents of the report to the prospec- 
tive readers by being as descriptive as 
possible. Some authorities oppose this 
view, maintaining that very often the 
title becomes too long and involved; 
but it would seem that for technical 
reports, at least, the advantages of a 
descriptive title outweigh the disad- 
vantages. Recent practice in many or 
ganizations is to give the report a short 
title composed of key words followed 
by a longer, more descriptive subtitle 


Table of Contents. A table of con- 
tents is included in most engineering 
reports to help the reader locate 
quickly and easily the main sections 
and subsections of the report and to 
give an idea of overall content. Usu- 
ally, however, for relatively short re- 
ports the contents page is omitted 

The table of contents is usually pre 
pared from the author's outline used 
in writing the report, since it lists in 
detail all of the important points cov- 
ered in the text. 


Opening. The opening of an engi- 
neering report may be called a fore- 
ward or an introduction. The opening 
should be a clear-cut statement of the 
problem or investigation undertaken 
and should be given careful thought. 
Many engineers make an entry in their 
logbook on the day the project is as- 
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signed, stating briefly what they are 
setting out to accomplish. Very often 
this log entry serves as the opening to 
their report. Reference to the logbook 
and to the brief statement of the prob- 
lem as expressed on the day it was 
assigned helps not only to keep the 
objective in mind, but also proves 
helpful when starting to write any of 
the report forms. 


Conclusions. The conclusions should 
follow directly after the opening of the 
report and, in general, should point 
what found 
problem stated in the opening. Al 


out was out about the 
though the conclusions are sometimes 
listed numerically, they need not be; 
however, each should be separate and 
distinct from the other so as not to 
confuse the about the points 
being emphasized. Each conclusion 
should be a specific, positive statement 
and should leave no doubt as to its 


reader 


true meaning and purpose 


Recommendations. Recommendations 
very often can be the most important 
part of a technical report, and their 
adoption or rejection depends to a 
large extent on the manner in which 
Like the 


sions, they should be positive state 


they are presented conclu 
ments suggesting some specific thing 
to be done or course to be followed, 
and should include an estimate of the 
cost involved, if any. It is good report 
writing technique to anticipate this 
question by giving solid figures based 
on the best estimates that can be made 
If this is done, the chances of the rec- 
ommendations being accepted will be 
greatly enhanced. Moreover, this tech- 
nique of anticipating questions should 
be considered not only with regard to 
costs, but with regard to every phase 
of the report 

These three parts, the opening, con- 
clusions, and recommendations are the 
most difficult for the majority of tech- 
nical men to write satisfactorily be- 
cause they must summarize the work 
in simple language. They are written 
for the does not have 
enough himself 
with the many details of the subject— 
particularly for the executive who 
must make engineering decisions. 


person who 


time to familiarize 


Discussion. The body or discussion of 
an engineering report is generally the 
largest single section. In it are included 
details of the investigation such as: 
text which supports all conclusions 


and recommendations; the kind and 
accuracy of the instrumentation used; 
test setup and problems encountered 
in this phase of the work; detailed ex- 
planation of the test procedure; pres- 
entation of data taken along with an 
interpretation and analysis of these 
data. Illustrations such as curves, pho- 
tographs, charts, and tables should be 
included to enrich the discussion. 
Usually, the biggest problem in con- 
nection with the body or discussion 
section of the engineering report has 
to do with organization of the material 
being presented. Care should be taken 
to arrange the material in a logical 
manner so that a reader unfamiliar 
with the subject can readily grasp the 
meaning of what has been written. A 
few opening remarks outlining the 
project and pointing out some of the 
thinking leading up to the work are 
very helpful in orienting the reader to 
the problems and objectives of the in- 
vestigation. Following this, the infor- 
mation gathered should be presented 
as simply and as straightforwardly as 
possible, avoiding trite expressions and 
techniques which lower the literary 
and informational quality of the report. 
A generous use of subtitles through- 
out the discussion helps the reader to 
visualize more completely the overall 
picture or scope of the work, as well 
as to gain a more lasting impression of 
the material presented. Moreover, sub- 
titles tend to break up long expanses 
of straight text which very often are 
dull and difficult to read. Subtitles also 
tend to dramatize the material and im- 
prove greatly the overall quality and 
readability of a technical report. 


Reference List. The reference list is 
an important part of the technical re- 
port and much care should be given to 
its preparation. This should consist of 
two lists: (a) the periodical list and 
(b) the book list. References are best 
listed alphabetically by author, each 
entry to include the title of the article 
or book; if a periodical, the volume 
and number; if a book, its publisher 
and its date of publication; and finally 
page references. Only those works 
which the author has read and feels are 
pertinent to the subject of the report 
should be included in the reference 
list. Numerous titles of books and peri- 
odicals listed merely to impress the 
reader or to add bulk to the manuscript 
most ‘@ften accomplish the opposite 
effect and makes the reader doubt the 
validity of the complete report. 
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Illustrations. Illustrations are incl 
in an engineering report to enrich the 
text as well as to ma 

derstand. Like the referen 

trative material should not be used just 
for the sake of having it or to increase 
the bulk of the report. Rather, illustra- 
tions should be looked upon | 
explaining points cover 
Good 


the appearance of 


I ' f 
illustrations not 


also aid greatly in ma 
ing impressions upor 
do words alone 
Illustrations include 
photographs, drawings, « 
and tables of data. V 
cussion section of 
devoted almost entirely 
pretation of 
Many authors, however, experience dif 
ficulty in deciding what and how many 
illustrations to use. A general rule to 
follow in this connection is to use illus 
trations only when they 
to support the thoughts 
rt. Many 
reports are imadequate D 
lack of good qu lit 
rial, either sketches 


points in the rep: 
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Too of 
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quickly 
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Fig. l—Pressurized Water Reactor 
can be designed to generate about 
300,000 kw of heat in the core, and 
supply steam to turn a turbo generator 
which will have an electrical output of 
more than 60,000 kw. The heat will be 
transferred to a heat exchanger by cir- 
culating water at a pressure of 2000 psi, 
and 525 F. This is expected to produce 
600 psi saturated steam for turbine use. 
А vessel for this power would be made 
of stainless-clad carbon steel 814 in. 
thick, 9 ft in dia, and 32 ft high. The 
principle of this reactor is essentially 
the same as that used in the submarine 
Nautilus, but it will use as fuel slightly 
enriched uranium instead of the highly 
enriched U-235 used in the submarine 
version. 


Fig. 2—The Homogeneous Reactor is 
different in appearance from other re- 
actors in that it uses no mechanical con- 
trol rods to regulate the fissioning proc- 
ess. Instead, the fuel is a dilute solution 
of uranyl sulfate in either light or heavy 
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water. The solution serves as the fuel, 
the moderator, and the heat transfer 
medium. The solution is pumped through 
the reactor core where it is heated by 
fission, then to the external heat ex- 
changer where a fairly high pressure, 
non-radioactive steam is generated. The 
core design is simple, and fuel stability 
is not a problem. The fission products 
formed can be chemically processed 
while the reactor is in operation, and 
additional fuel can be injected. A heavy 
water reflector surrounds the core. When 
the reactor also serves as a breeder, a 
blanket of non-fissionable thorium re 
places the reflector; producing U-233. 


Fig. 3—A Boiling Water Reactor is 
another design concept testing the pos- 
sibility of boiling water in the core of 
the reactor and sending the steam direct- 
ly to the turbine. The advantage here is 
the elimination of any external heat ex 
changers. Also, the steam pressure and 
temperature can be as high as the condi- 
tions in the reactor vessel, thus increas 


Types and Uses of 


Nuclear Reactors 


Basic reactor types and operation. Primary and secondary 


loop equipment. Application of power, production and 


research reactors. Basic research reactors being used. 


A NUCLEAR REACTOR SYSTEM, regard- 
less of design, has two important loops 
—the primary and secondary. The pri- 
mary loop is normally considered to be 
the reactor proper consisting of the 
core, fuel, containment and related 
auxiliary equipment such as pumps and 
controls. The secondary loop, or heat 
transfer loop, uses the heat produced 
by the primary system to operate a load. 

At present, there are six major reac- 
tor types. These are: pressurized water; 
boiling water; sodium graphite; homo- 
geneous; liquid metal; and gas cooled. 
Figs. 1 through 6 show the major com- 
ponents of these systems and outline 
the operation of each type. 


An 


Primary Loop 


A reactor consists of an assembly of 
fissionable material associated with an 
arrangement of non-fissionable mate- 
rial. Fissionable material produces the 
heat in the reactor core which is deliv- 
ered by a fluid system to the secondary 
loop. The non-fissionable material con- 
tains or regulates the fissionable reac- 
tion of the reactor. 


The core may be of the heterogene- 
ous or homogeneous type. Heterogene- 
ous types are used when the fuel is in a 
solid form such as the pressurized 
water reactor, sodium-graphite reactor, 
boiling water reactor, and others. The 
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ing the overall thermal efficiency of the 
plant. The difficulty with the boiling 
water reactor is that during a change in 
load, a demand for more power boosts 
the steam flow from the reactor, reduc- 
ing the reactor pressure. The water 
flashing into steam in the reactor actu- 
ally inhibits the chain reaction, reducing 
power when it is needed most. 


Fig. 4—A Sodium-Cooled, Graphite 
Moderated reactor which will be used 
in the Seawolf, the second nuclear pow- 
ered submarine. Features of this system 
are that it has no radioactive fluids under 
pressure, and produces steam of a high 
temperature and pressure. Thermal effi- 
ciencies are increased without a large 
increase in construction costs. To avoid 
the danger of placing the highly radio 
active sodium near water, the coolant 
system may be arranged to give up its 
heat to a second sodium loop in the pri- 
mary heat exchanger. The non-radio- 
active sodium then gives up its heat to 
the water in the secondary heat exchang- 


homogeneous type is used when the 
fuel is in solution, for example, the 
liquid metal reactor or the homogene 
ous reactor 

Heat is removed from the heteroge- 
neous type by a coolant which flows 


The 


heat 


through the fixed core structure 
both for its 
transfer and its nuclear characteristics 


coolant is chosen 
In the homogeneous type, heat may be 
removed by moving the hot-fuel-con- 
taining solution out of the core and 
through a heat exchanger. Im this in 
stance, the fuel itself serves to remove 
heat from the core region 


Secondary Loop 


removed from the 


The 
region, either by the coolant or by cir 


heat core 
culating the fuel itself, may be used to 
generate steam. Steam generation usu- 
ally takes place in a heat exchanger 
external to the core. In boiling water 
units, the coolant is boiled within the 
core region and the resultant steam 
goes directly to drive a load 

Since most coolants become radioac- 
tive in passing through the high-neu- 
tron flux in the core region, the direct 
passage of coolant to a load would 
make it radioactive. Hence, the use of 
heat exchangers between the primary 
and secondary loops which isolates the 
equipment from the radioactive cool- 
ant of the primary system. 

A notable exception is the use of 
helium as a coolant. The capture cross 
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er. In some installations, sodium-potas- 
sium is used as the coolant in the sec- 
ondary loop. Sodium becomes highly 
radioactive when irradiated, making 
additional shielding necessary. 


Fig. 5—The Liquid-Metal Fuel Re- 
actor is of the homogeneous class in 
that the fuel is circulated as liquid 
slurry. However, instead of using water, 
as is done in the homogeneous reactor, 
the uranium fuel is dissolved in liquid 
bismuth. This solution can be pumped 
through the reactor and one or two heat 
exchangers. In one proposed unit using 
two cooling cycles, a liquid lead-bismuth 
is the secondary coolant. Very high steam 
pressures and temperatures are possible 
with this system. The liquid-metal fuel 
reactor using U-233 as a fuel may also 
be used as a breeder if the thorium 
blanket is used. Disadvantage of the sys- 
tem is the low solubility of uranium in 
bismuth. Also, the system requires an 
external heat source for starting up the 
reactor, as bismuth melts at 520 F 


section of helium for neutrons 1s prac 
tically zero. It will not become radio 
active in passing through the core 
region and may be used in a closed 
cycle system with a gas turbine 

In some instances two heat exchang 
ers may be necessary to secure complete 
isolation between the loops. The so 
dium cooled graphite moderated reac- 
tor is an example. Liquid sodium cools 
the core, a Na-Nak heat exchanger 
transfers the heat from the sodium to 
a liquid Nak, and a liquid Nak-water 
exchanger generates the steam 
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Fig. 6—Gas Cooled reactor is available 
in two different cycles, the open or 
direct, and the closed cycle. In the open 
cycle air is used as the cooling medium 
and after being compressed by the com 
pressor is passed directly through the 
reactor where it is heated before delivery 
to the turbine. After expansion through 
the turbine the air can be discharged 
to the atmosphere or passed through the 
regenerator to recover some of the ex 
haust heat. In the closed cycle, air can 
be used as a coolant, but more 
nitrogen or carbon dioxide is used. Com 
pressed gas is led through the reactor 
and then to the turbine, but instead of 
being exhausted to the atmosphere is 
cooled first in the regenerator and then 
precooled and led back to the reactor 
for reheating. Efficiency of the systems 
open, 25-30 per cent; closed, 35 per cent 
Problem: high temperatures of turbine 
operation require moderator and 
element technology to develop long lived 
element. Systems are similar to that of 
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Use of Reactors 


Reactors may be used for power 
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be of any one of the ty 


produce fuel; or for research 
pe 


shewn in Figs. 1 through 6, but exper 


units may $ 
ments have indicated that certain t 
are more readily adaptable to a spi 
use than others 

Power producing reactors are used 
in power plants, where the heat pro 
duced in the reactor converts water ti 
steam, which in turn dr 


generator. The same type 
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Fig. 7—Swimming pool reactor. Designed to produce large quantities of neutrons 


1956 


AB 





Table I—Research Reactor Specifications 


| 
Specification Swimming Poc! 


Core size | 2 ft cube 


| дег 
Maximum power | 1000 30 


level, kw 


Maximum flux level, 105 


N/(cm?/sec) 
Fuel 


10" 
Enriched U-235 
Fuel loading 


Coolant 
Coolant flowrate 


3750 grams 
Deionized water 


500 gpm 


Cooling systems Integrated under- 
water primary | 


systems | 





{ 


Water purity 25 to 50 ppm 


| 


Shutdown sheets None 6 
Safety and coarse rods | 3 6 
Servo-type fine rods 1 1 
Temperature, C 50 | 20 
100 2 


24 x 24 in 


Proved power level, kw 


Maximum flux arca 4 in 


Moderator Water Water 


Reflector Beryllium oxide 


or graphite 





Nuclear Test 


20 x 18 in. cylin- | 1 ft sphere | 


Enriched U-235 

2500 grams 
Water 

50 gpm 


Primary loop 


50 ppm 


dia, 
length 


| Graphite 


Water Boiler Heavy Water 


| 2x 214 ftcylinder 


| 


50 | 5000 


101 | 10" 


Enriched uranyl 


| 

| 

| 

| Enriched U-235 
| nitrate | 

| 


[1900 grams 
| Heavy water 


3000 gpm 


900 grams 
Water 


85 gpm | 
| 


Secondary loop Primary loop 


50 ppm 

None None 
3 | 4 

| 1 | 1 

85 35 
45 | 1000 


12 in. | 214 ft dia, 2 ft 


1 in. dia, 
| length 


length 
| Uranyl nitrate Heavy water 


| Graphite | Heavy water 
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Table II—Research Reactor Flexibility 


Experiment Pool 


Simultaneous experiments 
Neutron diffraction 

High local flux 

High flux in large area 


Kilo curie gamma source 
Bulk shielding 

Bulk sterilization (in foods) 
Precise flux control 


Fuel matrix studies 
Isotope production 
Animal exposure 


Radiation damage studies 


Neutrino detection 
Neutron chopping 
Equipment exposure 


Drug sterilization 


Poison sensitivity 

Foil activation studies 
Malignancy studies 
High power adaptation 


Excellent dues Good RRA 


tion can be used for propulsion of 
ships, planes, trains and cars. 

A production reactor makes fuel by 
a breeding process. The material used 
in the breeding process is: Uranium 
238, which is converted into plutonium 
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and thorium and further converted to 
uranium 255 to produce power. 

A power reactor which produces ad- 
ditional fuel is called a converter. If 
the reactor produces more fuel than it 
burns, and it is possible to produce 


twice as much as being consumea, it is 
called a breeder reactor. The material 
to be converted into fuel is placed 
around or in the core where it is ex 
posed to neutron bombardment 

Research reactors furnish neutrons 
for research on: physical or chemical 
processes; measuring the amount of 
neutron shielding given by different 
materials; the effect of radiation on ma- 
terials; the generation of radioactive 
isotopes and others. 

There are four reactors that show 
promise in the field of research. Each 
has certain advantages and disadvan- 
tages, depending upon its final ap 
plication in the field. 


SWIMMING POOL- 
water cooled and water moderated re 
actor designed to produce large quan- 
tities of neutrons. 

The core of the reactor, Fig. 7, con- 
sists of a two-foot cube of fuel elements 
arranged to permit cold water to pass 
through the core. The water cools the 
reactor, absorbs dangerous radiations, 
and slows down the fast neutrons to a 
usable energy range 

Because of its higher flux possibili- 
ties, flexibility and proved safety fea- 
tures, many universities are using and 
building reactors of this type 


This is a solid-fuel 


NUCLEAR TEST—A solid-fuel water 
cooled graphite moderated reactor has 
been designed specifically for use as a 
precision industrial-process control de- 
vice, Fig» 8, by the Knolls Atomic 
Power Laboratory of the General Elec- 
tric Company 

Its design permits a conservative 
power level of 30 kw to produce a flux 
level comparable with a 100 kw level 
of the swimming pool reactor. The an- 
nular design of the core achieves this 
effect by producing a neutron multi- 
plication of about 3 to 1 along the 
central axis of the core. 

Because of its small size and excel- 
lent potentiality for further increased 
power operation, the reactor will likely 
become a medicai tool 


WATER BOILER—Designed to produce 
a sizable neutron flux with a minimum 
investment of fuel material, the water 
boiler nuclear reactor, Fig. 9, is of a 
low-power solution type. 

The tested power level was estab- 
lished at 50 kw, with a thermal flux of 
about 101? neutrons per square centi- 
meter per second at its outer periphery. 
Because of the reactor’s homogeneous 
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design, radioactive gases are evolved 
during operation and are safely dis- 
posed of in a self-contained catalyzing 
and collecting system 

The boiler, or core, is located so as 
to reduce the potent radiations ro safe 
biological limits. 


HEAVY WATER—This reaccor, Fig. 10, 
uses enriched U-235 as a solid fuel and 
is cooled and moderated by heavy 
water. Designed as a high flux reactor, 
it has become one of the most powerful 
types of research reactor because of its 
extensive experimental facilities. 

Two and one-half feet in diameter 
and two feet long, the core of the reac- 
tor is composed of fuel assemblies lo- 
cated in the center of the six foot 
diameter aluminum tank. 614 feet of 
heavy water is used in the tank 


Comparison of Research Types 


A quick comparison of the basic re- 
search reactors, Table I, indicates that 

1) The water boiler has a fuel- 
loading capacity of only 900 grams, 
while the heavy water reactor needs 
more than twice this amount. 

2) The heavy-water reactor needs 
3000 gpm cooling water, while the 
nuclear test unit needs only 50 gpm 
The heavy water reactor costs consid- 
erably more than the swimming-pool 
type of reactor. 

Comparing various research reactors, 
Table II, the swimming-pool appears to 
offer greater flexibility and utility value 
to most universities and research or- 
ganizations than the other types. How- 
ever, depending on the application, 
each reactor offers its own unique fea- 
ture. For instance, the nuclear test reac- 
tor has a fine, precise control drive 
useful in certain physics experiments; 
the heavy-water unit has high flux 
values; and the water boiler reactor has 
high flux values but at a lower cost 
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vember 1955. 

Characteristics of Nuclear Reactors. Pub- 
lished in Product Engineering, May 1956. 

Survey of Reactor Technology by Ken- 
neth Kasschau, ALCO Products, Inc. 
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Core 


Thermo! column 
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Fig. §&— Nuclear test reactor. It is designed for use as a precision industrial process 
control device. It will likely be used as a medical tool. General Electric Ce 
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Fig. 9— Water-boiler reactor. A homogeneous design that produces high neutron 
flux with a minimum of fuel material. General H 
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Fig. 10—Heavy-water reactor. Designed as a high-flux unit and is the most powerful 
type of research reactor. Has extensive experimental facilities. 
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| Operating 
| Speeds 
Instructions | (Including 


— | Arithmetic, 
— | Number 


| High-speed 
Cost System 


Storage 


Calculator | Computation 


$15,000 
| per month 


IBM-Type 701 Parallel 


binary 


| 


MM ———— 


ERA-1103A | $23,000 


per month 


Parallel 
binary 


ل ——— 


IBM-Type 704 $30,000 


per month 


Paralle! 
binary 


a ————— 


Iliac Parallel 


binary 


هھ ت ا 


Whirlwind Parallel 


binary 
| 


| 


NORC Parallel 


decimal 


Í 
| 
| 
| 
1 
| 
| 
I 
UNIVAC Il 
not in field 


$13,390 

$22,000 

per month 
$18,500 
$27,000 


month 


UNIVAC | Serial 


decimal 


per 
UNIVAC Il 
————————— 
IBM-Type 702 


$25,000 
per month serially 


decimal 


alphonumeri« 


IBM-Type 705 $27,000 


per month 


Chara 
serially 
decimal 


alphanumeric | 


alphanumer 


Characters 


cters 


م 


2,048 or 4,096 
words, electro 
static or 4,096 
magnetic cores 


Up to 4,096 
words, mag 
netic cores 


4,096, 8,192, 
32,768 
words, mag 
cores 


or 


netic 


1,024 words 


elec trostatic 


— -— 


2,048 words, 


magnetic cores 


—+- 


2,000 words 


electrostatic 


1,000 words 
acoustic delay 
lines (up to 
18,000 words 
of magnetic 
cores for 
UNIVAC Il 


_— + 


10,000 char 
acters, elec 


trostatic 


20,000 or 

40,000 char 
acters, mag 
netic cores 


36 bits 


Fixed-point 


ل 


Fixed-point 


| Two-oddress, 


| one per word, 
| 


| Single-address, 
| two per word, 
32 operations 


48 operations 


memory 
access times) 


| Add: 60 microsec 
(36 with cores) Mul- 


tiply: 456 microsec 


Add: 48 microsec 
Multiply 266 


microsec 





16 bits 


16 decimal 
digits 


12 decimal 
digits or 
alphabetical 
characters 
variable 
word length 
UNIVAC Il 


Variable 


word length 


Variable 
word length 





Floating-point | 


and Fixed 


point 


Fixed-point 


Fixed-point 


لا 


Floating point 
and Fixed 
point 


Fixed point 


Fixed-point 


— ا 


Fixed-point 


لړ 


4 


Single-address, 
one per word, 
with B-lines, 86 


operations 


Single-address, 
two per word, 
100 operations | 


Single-address, 
per 
operations 


one word 


31 


- —— 


Three-address 
per word, 
with B-lines 


one 


Single-address, 
two per word, 
37 operations 
ОМІУАС 11, 48 


operations 


Single-address, 


32 operations 


Single-address, 
36 operations 
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~~ 


Floating add: 84 
microsec. Floating 
multiply: 204 micro- 
Add: 24 micro- 
Multiply: 240 
microsec 


sec 


sec 


— 


Add: 75 microsec 
Multiply: 650 
microsec 


Add: 24 microsec 
Multiply 40 


microsec 


15 
Floating 
multiply: 30 


microsec 


Floating add 


microsec 


Add: 400 microsec 
average. Multiply 
2,100 micrasec 

Add: 200 
Multiply 
1,670 microsec for 
UNIVAC Il 


average 


microsec 


Add: 370 microsec 
3,360 
оп 10 


decimal numbers 


Multiply 


microsec 


ا 


Add: 200 microsec 
Multiply 2.410 
оп 10 


decimal numbers 


microsec 
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JOHN W. CARR III » ALAN J. PERLIS 
University of Mich 


igan 


Magnetic | Magnetic Automatic 
| Checkin | Programmin 
Drums Tapes " Nlis 


192 words, 40 millisec Four tape units, Reader: 150 Punch: 100 cards | Parity bit on | PACT, 
cess time, 80 words per plastic tape, speed cards per min per min, printer: 150 magnetic tape 
с 1,250 words per sec 72-character lines 

or same system as per min; CRT scope 

Type 704 
ntegrated" drum of 16,- Up to 10 Uniservos, Photoelectric Paper tape punch Parity bit on Ramo-Wooldridge and 
34 words, 17 millisec ac steel tape, speed paper tape 60 characters per magnetic tape | 1103 Compilers; interpre- 
rss time, 30,000 words 1,800 words per sec reader: 200 sec; optional line tive programs 
pr sec (depending on in characters per printer and card 
rlace sec, card reader punch 


Speedcode, and 
other interpreters 


optional 


1192 or 16,384 words, 12 Up to 10 tape units, Input direct or Output direct or | Horizontal and PACT system planned 
illisec access time, speed plastic tape, speed to magnetic from magnetic tape longitudinal Fortran 
10,000 words per sec 2,500 words per sec tape, card read punch: 100 cards parity bits on 
er: 150 or 250 per min, line print magnetic tape 
cards per min er: 150, 500, or | 
1000 lines per min 
CRT scope output 


2,800 words of drum stor otoelectri« Paper tape punch No compiler system, but 


ge, 17 millisec access time paper tape read 60 characters per complete subroutine 
"db 


er: JOO chara sec, CRT scope library 
ters per sec 


on н —— m n м 
9,152 words of drum stor i Photoelectric i magnetic tape Parity bit in Comprehensive system of 
ge, 17 millisec access time n paper tape read at 132 characters high-speed service routines (Interpreter 
er 200 charac per sec! to type memory du and compiler Floating 
ters per sec, re writer, CRT scope plication on point programming easy 
mote magnetic or direct 10 char magnetic tape through use of automati 
tape printer acter per sei cally compiled interpretive 


typewriter routines 


— — په — ہپ - ———— —— 


plastic tape Input to mag Output via mag Parity bit on None, but decimal, B-line 
speed 4,000 netic tapes: 100 netic tapes: 150 magnetic tape floating-point program 
per sec cards per min lines per min ming is simple 

printer, 100 


per min. punch 





—————— —————— - س - ———— — — 


Up to 10 Uniservos Unityper via Uni Uniprinter via Un Duplicate A-2, B-O compilers for sci 
steel tape, speed servos; also card servos; also 600 hecking inside entific calculations GP 
600 words per sec to-tape reader line per min printer machine Generalized 
UNIVAC lIl: Up to paper tape to tape-to-card con parity check in Programming 
16 Uniservos magnetic tape verter, tape memory and 
inverter paper tape уг on tape 20 
verter character 


heck 


p to 30 drums of 60,000 

horacters, 8 millisec ax units, plastic tape ards per mir per min storage, mag SCRIPT 
ess time, speed 25,000 speed 15,000 char Input direct o Printer: 15 ' etic tape 
characters per se« acters per sec to magneti per min, 1,000 


Up to 100 tape Reader. 250 Punch: 100 ds Parity check on tocoder 


tape per min rect r 


from magnetic tape 

м — балони نتت — —— الت‎ — 
Same as Type 702 sas T 7 Same as > : бате аѕ Туре Planned “‘Autocoder 
702 PRINT’ Interpretive 


System 





NOTES 

All specifications are the manufacturer's or designer's own specifications, of as good an estimate as possible 
The Iliac, Whirlwind, and NORC are typical of the fastest calculators not commercially available 

Rental figures are for equipment generally considered standard for the computer 


The three data processors are compared on a basis of ten magnetic tape units 
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Characteristics of the Small Computers 


| Monthly | Number of Words of Average | Number of 
| Purchase | Rental, | Tubes Power and External Internal | Access Addresses 
| Price, $ | and Cooling Storage Time, in 

| 
| | 


$ (Note 5) Diodes Requirements (Note 7) | Millisec Instruction 


Computer | 


3,250 | 2,200tubes | 14KW. No external 1,000 or 2,000 

3,750 | 4,000 diodes | cooling required, but | Plus 60 cores at 

(Note 1) | air conditioning rec- | extra cost 
ommended 


Type 650 


300 tubes 6KW. No external 
4,000 diodes | cooling required +8 15 


Datatron | 136,000 | 4,333 1,200 tubes 13KW. Air condition- 8.5 
| | 3,000 diodes | ing recommended 


102d 65,000 | 2,400 








UNIVAC File | 4350. | 1,000 
Computer 6,090 | (Мое 19) 


| | (Note 19) 10 (cores) | 
Minioc 100,000 Г 700 Ьез | 4KW. No external 4,096 к. Де A 10 
| 1,500 diodes | cooling required +256 | 125 | 


| 
T 


Elecom 125 135,000 Rates on 
Computer Request 


Note 6 


350 tubes 7KW. Room air condi- | 2,000 to 10,000 | 8.5 
4,000 diodes | tioning recommended +50to 100 | 18 





pp 
48,000 | 1,75. 280 tubes | 6'54KW. No external | | 
2,050 5,000 diodes | | 


(Note 2) | 


cooling required 


| 
Сїгс!е 700 tubes in | 34%%KW. No external 


18 different | cooling required 
| chassis 





Bendix 400 tubes 3KW. No external 
G15A | 2,800 diodes | cooling required 
(Note 13 | | 





ае ы idis | 

I | 

Readix 79,000 | | 314tubes | 7KW. No external 

| | 7,088 diodes cooling required *160 (Note 18) 


—— —— — 
Librascope 29,800 


LGP-30 cooling required 


4,000 


1.5KW. No external 4,096 (words 1 


"interlaced'') 


1,500 tubes | 17KW 100 nos 
200 orders 
(Note 12) 


Monrobot VI 100,000 
Note 17 | 8,000 diodes 


32,500 160 tubes 3KW. No external 128 orders 
(Note 4) | 1,500 diodes | cooling required | (pinboard) 
| 100-220 nos 


2,400 orders 
Mylar tape) 
100 nos. 


Elecom 50 22,500 160 tubes 2KW. No external 


| 2,000 diodes cooling required 











Type 650 rento! is for 1,000 ond 2,000 word storage respectively 

Alwoc rental is for 4,096 or 8,192 word storage respectively 

Circle prices оге for a 1,024 ond 4,096 word memory respectively. 

Purchose price of E-101 includes one yeor of free maintenance by Burroughs 
engineers, The 128 orders moy be supplemented by o poper tope of ony 
length 

All rentals include free maintenance, with the kind of maintenance depending 
on loco! conditions 

The monufocturer differentiates between the Elecom 125 System, including 
File Processor, ond computer olone 

Words of internal storage also lists ""rapid-occess loop," if any 

Standard speed is stated in terms of the evaluariqn of A+B=C, C4 04E=F, 
ond GXMH zc 1, to compensate for the different number of addresses in various 


A18 


instruction codes. The rates are based on synthetic operations, therefore 
Where given, the speeds using optimum programming ore for optimum spacing 
of instructions only, which, properly speaking, is only available on those 
mochines hoving 141 of 241 instruction codes. In general, it is more diffi 
cult to optimum code for operand location 

The reloively high speed of the Dotairon is attained by having both oper 
ond: and instructions in the high-speed 80-word memory. In normal opera 
tion, practically oll instructions ond nearly all operands are so situated 
This is actually o normal mode of operation. 

The Alwoc word is divided into four syllables ond the fast mode is to зросе 
the orders i^ o syllable in each alternate word. This gives the 15 standord 
operations per sec mentioned. Orders ore carried out from the 64-word work 
ing storage 
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JOHN W. CARR III 
University of Michigan 
"Standard Operations” 
| per sec (Note 8) 


| | Optimum | 

umber | Normal Program- | 

Pystem Mode ming 
(Note 9) 


Decimal 33 


ج 
| 
Decimal‏ 


Decimal 


Decimal 
Dinory 
Decimal 13-20 
ixed or 
tloating 


point 


Binary 


Decimal 


Decimal 


Decimal 


Decimal 


— 


A - 


n the E.1 Monrobot und Ele 


number 


12. The inst trons 


tinguishable from the storage 


accepted trend in computer design 


13. The Bendix GISA is the only computer ova 


ferential analyzer ot extro cost 8 multipliers 
tions pe 

My, уу BM г 
s for the vorious IBM machines 
) to $2 00. Of course 
additional The 024 ard 


The * refers to aux 


unit 


from $I 


523 rent for 


The input to the E-101 


manually (pre)set pinboord for instructions 


o 2 horacter per sec paper.tope reader 


Typewriter or| 
Punched Tape| 


and represent a 


able with a bu 


unched-card 
ntroduce additional costs thot moy run 
the rental of the IBM machines 
$30 and $65 per month respectively 
s by monually operated keyboard for dota, and by a 
Further deta can be reod 
Output speed is 24 digits per sec 


ALAN J. PERLIS 


Carnegie Institute of Technology 


Input in Digits per sec 
(Note 14) 


Photoelectric 
Reader 


Card 
Reader 


200 punched | 

cards per min; | 

265 digits per 

sec | 

————— —— 
10 digits *66 digits per | — 200 digits 
per sec sec from IBM | per sec 
| 


| 523 
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Output in Digits per sec 
(Note 14) 


Card Punch 
and Printer 


Typewriter or 
Punched Tape 


100 punched cards 
per min; 132 digits 
per sec; 150 lines 
per min; printer 


66 digits per sec 
from IBM 523 


10 digits per sec 


a —— е چ‎ 


540 digits 


per sec 


10 digits 


per sec 


| * 150 digits per| 
sec from IBM | 
513, 514, 517, | 
523; 300 digits 
| per sec from 


| 528 


| 
{ 


diis аа 
200 characters 


per sec 


10 digits 
per sec 


+ 
150 to 200 


cards per min 


150 digits per sec 
from IBM 513, 514, 
517, 523, 528 


10 digits per sec 
typewriter), 14 
digits per sec (tape 
punch 


10 characters per | 150 to 200 cards 
sec; 60 characters | per min 
per sec (tape punch)| 





10 digits 


per sec 


1,000 digits 
per sec 


— 
320 characters | 400 digits 
per sec from per sec 


| IBM 077 


— = 
10 char 
acters 


per sec 


—— “+ 


10 digits 150 digits per 
per sec sec from IBM 
523 


400 digits 


per sec 


| Line printer avail 
| able at extra cost 
——— —— 
10 digits per sec; | 20 digits per sec 
60 characters per | from IBM 523; 200 
sec; punch | characters per sec 
| from IBM 407 on- 
line printer 


10 digits per sec 


- - P ——— —(!——— —n 


150 digits per sec 
from IBM 523 


10 digits per sec 





10 digits 


per sec 





10 digits per sec 





200 digits 


per sec 


15 digits 17 characters 


per sec per sec 
tape 
reader 
|: 100 cards 400 digits 

| per min per sec 
ibd E n 4 E 
10 digits | 


10 digits 


per sec 


— 
10 digits per sec 
typewriter) 15 digits 
per sec (tape punch 


c . 
| 11 characters 
per sec 


10 digits per sec *100 cards per min 


Note 18) 





10 digits per sec 





10 digits 


per sec 


des E 


10 digits per sec 





20 digits | 
per sec | 


10 digits per sec 


Both the E-101 and Elecom 50 use accounting machines for 


data input and output 
metalized tape, 


d 


are physically dis 
departure from the 
The input 
introduction of doto, 
Monrobot VI is 

Diagnosis) System 
The Readix has two 
optimized. Output 


It-in digital dif 
ntegrators at 34 itera 


equipment, The adaptor 


is also punch 
storoge unit 
n by 
available at 
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respectively 


via ganged printer. The 
The 128 orders may be supplemented by a paper tape of any length 
to the Elecom 50 
ond by o metalized plastic tape for 
actually 
A single computer would be priced at $50,000 
instructions per word 


mately $12,000 per month. General storage of up to 150,000 words 


Instruction input is by pinboard and 


See Notes 12, 15 and 16 


про?! full-keyboord automatically fills untyped zeros 


is by @ monvally operated keyboard for the 


instructions 


two computers with on AID (Automotic Interna 


Its operand locations only con be 


is buffered for simultaneous computation when using the 
A digital point plotter is also available af extra cost 

The UNIVAC File Computer rental includes card input-output and one genera! 
Additional storage ond equipment can increase cost to approx 


s also 


А! 


17 milisec access time 





‘CEMENTS OF DCW 


velopment labora 
ifacturers emphasize 


be 


achieve 


ter obsolescence 
nginecring 


wec particularly 
1 


important 


arc underline by recent an 


nouncements 


1) large increases in random ac 


ess storage; (2) large increases in 
small « ym puter speed and decreases 
ın the number of vacuum tubes in 
volved; and (3) apparently large de 
creases in price for comparable equip- 
ment or else marked improvements in 
features for the same price. 

Lincoln Laboratory, M.LT., has an 
nounced a new experimental magnetic 
core storage computer that indicates a 
in available random 


TX-Zero (TX-0), as 


the machine is called, uses five mega- 


maior increase 


access storage. 
cycle pulse transistor circuitry and has 
a 65,536 random 
memory. It is being built to test out 


word access core 
the new transistor and core techniques, 
and is therefore relatively simple. 
Logistics Research, Inc., has recently 
announced a new ALWAC 800 com 
puter, according to the manufacturer 
of 11,000 2,000 
multiplications, or 13,000 comparisons 


capable additions, 
each second. This machine would have 
100, 200, or 500 twelve-digit words of 
magnetic core storage, on option, and 
up to ten magnetic drum storage units, 
each having a twelve million decimal 
and a four millisecond 
access time. Quoted price: $125,000 

No price or delivery date is as yet 
IBM RAMAC ran- 


dom access memory, which makes use 


digit capacity 


announced on the 


of magnetic disks to store approxi 
5.000.000 at 
second access time to each 
Whether device will 
be attached to the Type 650 Magnetic 
Drum Calculator, or one of the larger 


mately characters less 
than onc 


character this 


computers, such as the Type 704 or 
705, is not yet known 

The UNIVAC Ferractor com- 
puter, the first copy of which is now 
the Air Force Cam 
bridge Research Center, occupies a 


new 
in ope ration at 


desk size cabinet, and has an equivalent 
66,000 rpm rotation speed (through 
the use of four reading heads arounn 
the drum). The manufacturers claim 
over 11,000 additions and over 3,000 
multiplications per second with the 
new computer, which uses 600 new 
magnetic switching and pulse amplify- 
ing Ferractors to replace most tubes 
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(See Note 


Type 650 
1020 
Datatron 


Miniac 


Elecom 125 


Reodix 
Alwac 


UNIVAC 
Compu 


Bendix G15A | 300,000 | Ix te 
2 inches 


(ost Per 
Computer Word: Tape Unit, 
1) Рег Таре (6 Units) 
$ 


Availability of Magnetic Tapes 
as Auxiliary Storage 


Maximum No 

| Of Tape Units 

Machine Con 
Control 


Reading Or 
Writing Speed, 
Characters 
Per Sec 


Average Tape 
Search Time, 


220,000 
115,000 16,000 


160,000 14,700 
25,000 5,000 
200,000 


50,000 


256,000 


750 each per mo See Note 2 


ل 





2,000-6,000 





12,000 10,000 


File 
ter 


н 4,800 


45 inches 
per sec 





NOTES 


1 
2 


4 


Computer 
Type 650 
102D 
Datatron 


Miniac 


Elecom 125 


Alwac 
Circle 
Readix 
LGP-30 
Bendix G 


Elecom 50 


Monrobot 


Burroughs 


Only those machines ore listed for which the manufacturer provides tope unit 
The IBM Type 727 to be connected with the Type 650 can read and write о! о 
speed of 15,000 characters per sec, but the computer itself accepts 
at a much slower rate. The high-speed storage unit is required 


information 


Appropriate cost for 
tape unit 


ouxiliory control units or buffers is included in 


cost per 


Tope searching "not required" on Elecom 125 with File Processor 


Programming Characteristics 


LE 
x Oo 


ооооо 


15А 
о 


xOOOxXxxxXO x x x O O o 
O 


x OOOO x O xx x>x« x x Ox > 
OOOxO»x0O»x x0» 

О 
O0000xKx00xKxO0O0xOxZz 


оо 
оооооо 


о 
о 


——————————————————————— —— — MÀ — —— 


E-101 


о 


CODE: O=NO X=YES 


Automatic tally orders, conditional upon completion of a count 


control orders that 


source of the transfer 


Transfer automatically retain an address indicating the 


Avtomatic normalization of numbers for floating point and scale factoring 


9 
Addition into high ond low parts of the accumulator or of single ond double 
length words 


Automatic modification of addresses by B register 
Transfer control on +, O, — 
Toble look up 


Floating point (optional) 


тт 
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Nondestructive 
Testing 


NONDESTRI 


Radiographic inspection 


the strength 
and structures 
jects. These tes 
interior of the obje 
sectioning the part 
Nondest 
does not in 
upon the st 
latter determ 
tests proof 
and containing 
location 
^A necessary 
IS à proven C 
ured by the t« 
property being predic 
correlation is not f 
influence the rel 
property, € 
judgement 
iffecting 
I ven 
ing are 
geometr 
veal por 
castings, 
The 
service life, | 
the X-ray examinat 
sectioning the part 
Similarly, m 
will reliably re 
veal the fatig 
static failure 
Knowing 
however, is 
stressing will 
Geometric 
for nondestruc 
the contact met 
test piece; the 
both sides of the 
Some techniqu 
shape; others 
or with constant 
ing are applicable 
geometry 
Other test 
parts with defi 
imple magneti 
volumes to be 
methods using 


pected of being d 


The basic types 
working industry 
the acceptability ot mar 
weldments, assemblies; (2) 
investigate surface and near 
and other magnetic mater 
ods that reveal laminations 
of sound waves; (4) fluorescer 
for locating defects open to 
rials; (5) eddy-current tests to spec 


defects, and indicate the degree of conductivity « tals I it the image’ as 
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Radiographic Methods... 


Torget Filament 


Focusing cup 


Copsule Radiation source 


^ 
` 


f 


a=} = m | 
Elecfrons | | nm 
CIV, AMI RADIOISOTOPE 





Anode (*) Cafhode (-) 


Specimen 


X-rays 


Leod mosk 


а 
аблана. 


Gomma rays 


41 р 1 X-RAY 








4--X-ray or yamma 
roy source 


FLUOROSCOPIC 


Rays 


.Lead bariíi 
glass wind 





specimen 


| 
L‏ 
ا ا ا اا اا 


се —————————————- 

— N "X-ray film / 

—————— J€ K St 
Sheet of leod- 


_—————— 


Front intensifying 
screen 





Bock intensifying screen Radiograph film 





Camera 


- 





- 


Fluorescent d 
image screen 


— 


( opfional ) 








Wher e detection of small differences in thickness or 100 Ib, and can be easily used in the field on heavy or as Fluo 
de necessary, the “high definition” fluoroscopic tech sembled units. The immersed method is generally for high mall 
r і been found satisfactory and economical. Three production inspection of tubes, bars and small parts. Couplant open 

velop nts have made this technique possible; high power for contact testing may be SAE 20 or 30 oil, water, other pene 
X-I tube sing focal spots from 0.3 to 1.0 mm square, liquids, plastic tapes and flexible compounds the ı 
! n, yellow fluoroscopic eens, and clear lead Immersion testing is divided into two methods: echo and pene 

bricks for barrier window ransmission. Approximately 90 per cent of the inspection emi 
| і r the photography of the fluoroscent performed in the air-frame and metal industry uses the echo penc 
€ ed extensively | give a permanent record method. The transmission techique has found i greate pal 
[ A fundamental difficulty has been the rel use in inspecting Objects of high acoustical absorption ch Г 
brigl level of tl es. One solution is th« s extruded powder and solid rocket fuels. Als pplied tion 
EX [ ‹ AT { поп image amplifica to find laminations in very thin metal stock lag 
! f an ge t X-ray tele IOI Investigations are being made into the use of ult or nd 
Гі e conver he ligl nergy from tł I il for analyzing materi and in particular, for determini В. 
э $ {гог һа! ccelerated and fox 1 t »hysical properties or tions in structure and prop batc 
cen f Phe el viewed erties. Difference in attenuation. and velocity m urements 
gnif th an amplif yn factor of 500 to n be used to indicate differences in tensile strength, den 
S | found ted application ind mod ind. otl propertie [hi plic озу to fluo 
f «t ed ket pro I T: though pl C nd gl DE checked { 
X v tł prod Гһеге ł been e applications f hecking the dir ( р! 
} he id Tt € of f ү h f ollir { i t р! id cl iracte IC of h t I | 
cs, highe I d spx | [he amoutr { р! flaking ! be k i fi Edd 
plit l made high-q I r type of engineered Il. The diff 
| | f } } | er r k і { ed 
| { | | I nod id I 
К t I ( 
( f Magnetic particle inspection 1 find Ен! 
nn i «i wu tir t t ( n ' t { t H , 
d di thod у 
Ultrasonic inspection Март nsp I ) ј tH fact 1 G 
D | is. ti € E ( f fir livided prox 
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Ultrasonic Methods... 
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Operation 


Fields 


Materials 


Advantages 


Limitations 


Remarks 


RADIOGRAPHIC INSPECTION 


X-ray 


Electrons bombarding a target are 
changed into X-rays of very short 
wavelengths. Shortness of the rays 
permits them to penetrate opaque 
materials; depth of penetration de- 
pending upon the power. Rays pass 
through X-ray 
film. Developed negative serves as 
a shadow picture. Changes in den- 
sity or thickness are revealed by 


object and strike 


light and dark areas 


To check welds, castings, forgings 
for workmanship, porosity, blow- 
holes, inclusions and other defects 
Го determine soundness of plastic 
parts, particularly those subject to 
stiff requirements for electrical or 
other properties. To inspect final 
where internal 


assemblies parts 


cannot be viewed 


All metais, plastic, leather, wood 
Al and Mg 
lend themselves to X-ray examina- 


and other substances 
tion because of their low atomic 
weight and ease of penetration 


Almost any problem can be han 
died in many materials and in dif 
ferent thicknesses 


Deep-seated discontinuities are not 
revealed unless the corrent angle 
is chosen. Laminations are not eas- 
ily discovered. An indication may 
be present on film, but it is usually 
not sufficiently detailed in character 
and in relation to the surrounding 
material. Protective precautions are 


necessary 


Units similar to X-ray but having 
higher voltage output, thus greater 
penetration, are the betatron and 
the linear accelerator. 





Isotope-Radiography 


Capsule containing radium or an 
isotope material is located to emit 
Rays 
pass through object and impinge on 


its rays upon the test object 


radiographic film. Method is simi- 
lar to X-ray except rays are gamma 
and shorter in than 


X-rays. 


wavelength 


The pressure vessel, foundry and 
commercial testing industries use 
about 50 per cent of the sources 
About 20 per cent, by ship builders 


and government agencies 


alloys, steels, other metals 


Light 
Plastics in the form of castings, 


forgings, sheets and assemblies 


Almost any thickness of metal can 
be penetrated by gamma rays if 
given sufficient time. Capsules are 
easily transported. Gamma rays do 
not scatter as much as X-rays hence 


filters are rarely needed 


Technicians not properly trained in 
gamma-ray negative readings can 
underestimate the seriousness of a 


defect 


Major source of gamma radiation 
is cobalt 60. In the range of 1 to 5 
curies, cost is about $100.00 per 
curie. Iridium-192 in the range of 
2 to 50 curies cost $100 to $10 per 
curie. Cesium-137 costs about 
$200.00 per curie. 








Fluoroscopic 


Fine focal spot radiographic equip- 
ment passes rays through the test 
object to impinge on a standard 
fluoroscopic screen behind a lead 
barium glass barrier window. The 
shadow image can be viewed di 
rectly. High brightness fluoroscopy 
is the same except that for very 
short 
geometric 


tube, 


distances; the 
of X-ray 


screen pro 


tube-screen 
relationship 
specimen, and 

duces a pseudo-rotation of the 
image as the part is moved through 


the beam. 


Inspection of large electrical as- 
semblies, core placement in cables, 
molded parts for inserts, golf balls, 
tires, wood 


telephone 


receivers, 


products, potted electronic com 


ponents. High definition fluorscopy 
inspects critical castings, welds, in 
tricate mechanical assemblies and 
rocket Permits 


propellent grains. 


detection of small differences in 


thickness or density 


Light alloys, castings, plastics 


Fast, low-cost, internal in 


of items 


Like X-ray 
part is viewed only unilaterally un 


No permanent record 


less high definition fluoroscopy is 
used. Initial cost of high definition 


equipment is high 


Photo-fluoroscopy or fluorography 
permits a permanent record to be 
made. These units are more sensi- 
tive but not as fast as fluoroscopy. 
Sensitivity of fluoroscopy is about 
5 to 15 per cent; fluorography about 
3 per cent. Image intensifiers may 
be used. 


Table |- Nondestructive Testing ^ 
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ULTRASONIC INSPECTION 


Resonance 


Ultrasonic energy is varied over a 
band that 
frequency of 
thickness. At 
energy 


includes the 
the part 


maximum 


frequency 
resonant 
resonance, 


is drawn from the driving 


oscillator. Thus, the indicator can 


be calibrated in thickness, since 
there is one specific resonant fre 
quency for each thickness of mate 


rial 


Dimensional control of parts and 


material when mechanical means 


are not adaptable; spun and drawn 
parts are checked for gage. Deter 
lack of bond in 


bearings. Air 


mines the brazed 


joints and in silver 


craft, shipbuilding, automotive, and 


the oil and gas industries are user 


Light alloys, steels, other metals, 


Material form can be cast 


glass 


ings, forgings, machined parts 
sheet, strip, laminations. Glass 
plate or "bottle" form 


| 


Pulse Reflection—Contact | 


High frequency sound impulses are | 
transmitted through the part by à | 
crystal and reflected from the op- | 
posite face of the part or from à | 
flaw. The time of travel of the im- | 
pulse discloses the position of the 
wetting agent 


flaw on a scope A 


s used between part and crystal 


To detect sub-surface defects such | 


as cracks, voids, ruptures, inclu 


ate defects such 


flakes 


sions, and intermed 


is shrinkage cavities and 


Light alloys, stee ron and other 


opper base a 


plastics ( 


loys—bronze and brass—can be in 


pected but the copper structure 
nds to dampen the sound waves 
Plastics having high resin contents 
re best inspected by this method 


ل س 


High sensitivity. Accuracy about 


per cent of material thickness 
Thickness can be as little as a few 
thousandth of an inch 

Maximum material thickness only 


1 in. ( used on 


roded 


annot be pit-cor 


parts. Inner and outer sur 


faces must be approximately paral 


lel 


Commercial equipment manufac 
tured by Branson Instrument called 
Audigage and Vidigage; Magnaflux 
Corp, Sonizon; Photocon Products, 
Metroscope; and Sperry Products, 


Reflectogage 


Equ pment portabk Access 1S 
qu red from iiv ` de of the 
iSS¢ bl 


Rough work must be finished to 


125-250 rms before 
Work 
Crystal must be con 


Not 


nended for materials under 1/4 in 


method can be 


ipplied surface must be 
homogeneous 
toured to 


part surface recom 


thick 


manufac 
Reflecto 


Commercial equipment 
tured by Sperry Products 


scope 


Immersion 


Echo method-Quartz crystal trans 
ducer is given a high-voltage, short 
duration pulse, which produces a 
transitory, high-damped pressure 
wave in the liquid in which the test 


part is immersed. This wave propa 


gates towards the object being in 


spected and will reflect from both 
the surface of the object and any 
flaw or internal defect. Transmis 
sion method—Similar to above ex 
cept for a sending and receiving 
crystal Waves pass completely 


through the object 


Approximately 90 per cent of the 


nspection performed in the air 


frame and metals industry use the 


echo method. Transmission method 


inspects objects f high acoustical 

absorption suct extruded pow 

ler and solid rocket fue Also finds 

ipplica on where it is desired to 

detect lamin oni v thin metal 
ск 





Test shows on the existence of a 
eparation, but ts dept! 1 
nature. However, research is being 
done to ncorporate features to 
evaluate the magnitude of flaws 
(Corrosion ind leaning problen 

i ntrod 1 


Commercial equipment are known 





as the Immerscope, Wide Band 
Converter, Reflectoscope, Hyper 
sonic An Thruray. Equip 


ment, at present, should be limited 


to where changes from a standard 


unsatisfactory 


are 








GNETIC PARTICLE INSPECTION 


Visible 


magnetization and mag- | 
les are used to locate | 
'racks and defects in all 

agnetic materials, parts 
s. A properly oriented 
Id of suitable amplitude 
and magnetic particles 
er size, shape and per 
re applied to the part 
'se are held by electro 
ikage fields at any mag 
tinuity and build up to 


scontir 


поп, maintenance 
iction control and 


1$ nd types of 


c mate 
ill defects 
le. Deeper 


need be for 


Magnaflux 


Fluorescent 


Method is similar to the visible wet 
method but the inspection materia]s 
are specially developed particles 
under black light. Par 


fluorescent as well as 


that glow 
ticles are 


magnetic 


Used for quality volume produc 


tion and maintenance inspection 
and production control and salvage 


in all fields and types of industries 


All ferromagnetic materials 


Indications glow in semi-darkness 
Inspection rate is increased and in 
spection cost reduced because of 
glow. Small defects in parts with 
dark surfaces, such as rough forg 
Glowing 


ings, are easily located 


indications are independent of 


shape and color of part 


Applicable only to magnetic mate 
rials. Does not indicate deep-seated 


flaw 


Magnaglo, Magnaflux Corp 


PENETRANT INSPECTION 


Fluorescent 


Penetrant is applied by dipping, 
brushing or spraying. Excess pene 
trant is washed with a water spray 
and part dried. Dry powder or 
water suspension developer is ap 
plied to part and draws penetrant 
to the surface. Penetrant glows 
black light 


conducted by applying penetrant to 


under Leak tests are 
one surface of weld or casting and 


inspecting other surface under 
black light for penetrant glow in 


dication 


Го check for 


fatigue and service cracks in parts, 


cracks in castings, 


forging cracks and laps, porosity 
and leaks in castings and welds lack 


of bond 


Non-magnetic solids such as alumi 


num, brass, magnesium, plastics, 


ceramics, carbides, stainless 


Positive detection of defects even 
on rough surfaces. Easy operation 
Marks location and 
size of defect on the part 


and detection 


Used only with nonmagnetic mate 
rials. Detects only defects open to 


the surface 


Zyglo Penetrex, Magnaflux Corp 


Dye 


A penetrant is applied to a clean 
dry surface and permitted to dwell 
This is to be 
sure that the penetrant has entered 
any surface defects 


for a specified time 


Excess pene- 
trant is removed and a developer 
applied in the form of a thin coat 
to the surface. Some of the en- 
trapped penetrant is brought to the 
surface by capillary action of the 
developer. Cracks are detected by 
the contrast between the color of 


the developer and penetrant 


Го check for flaws, cracks and 


other inclusions on part surfaces 
for maintenance, inspection and 


salvage control 


Special powders and techniques 
permit the inspection of different 
materials such as ferromagnetics, 
nonmagnetics, plastics, ceramics, 
enamels, unfired clays, porous cera- 
mics, unsintered powdered metal 


compacts and others 


Fast, on the spot inspection during 
overhaul, layover or shutdown pe- 
riods. Not practical on very rough 
Color contrast is limited 


Relatively inex- 


surfaces 
on some surfaces 


pensive in initial cost 


Only indicates surface defects. 


Some methods require black light. 


Dy-Check, Turco Products, Inc; 
Met-L-Check, The Met-L-Check 
Co; Spotcheck, Magnaflux Corp. 
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A GENERAL ENGINEERING 


Research and Development Stockroom 
ORGANIZATION and MANAGEMENT 


LEO ROSEN 


> Common Faults... 


Many problems are involved in establishing and operat- 
ing a stockroom that supports engineering research and 
development effort. Most of them arise because such stock 
rooms 

l. Are a service, which like all fallible human endeavors 
are never quite satisfactory to those served 

2. Are usually not under the direct authority of those 
served 

». Require the allocation of capital and space, therefore, 
they come under the notice and possibly the control of 
management elements which do not normally exercise such 
control of other engineering effort 

t. Are frequently operated by personnel primarily ex- 
perienced in stockroom operation for other than engineer- 
ing support and who do not realize the peculiarities of 
research and development effort 

Involve in their operation decisions based on intangi- 
bles, the results of which cannot be proved to be right or 
wrong in a direct engineering or business sense 

6. Can be the source of great savings or of equally great 
waste 

The determination of savings in money and time which 
can result from a research and development stockroom can- 
not be made on a completely tangible basis. In management 
consideration of any function, however, it is frequently 
worth while to and 


segregate consider the tangible and 


forecastable elements; even though the final situation in 
which a decision is to be made may be clouded by the later 


addition of intangibles 


p> Capital Costs... 


Capital costs include the “cost” of the money involved to 
establish the stockroom, to buy the bins, shelves or fixtures, 
to install these, and finally to buy the stock itself. The cost 
of the capital involved may be determined in one of three 
ways. 

1. The cost of the amount necessary if loaned by some 
credit organization such as a bank may be used. There the 
amount of interest charged may be relatively low 

2. The cost of capital can be based on the profitability 
of this capital to the organization if used otherwise. For 
example, to pay engineering salaries and operating overhead 
for an expanded scale of effort. Assuming an engineering 
effort which allows a turnover of four times a year, as might 
occur in an organization doing contract research and de 
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velopment, each dollar invested permits the company to d 
if the 
profit is six per cent on the total volume, the actual incom: 


four dollars worth of business in a year. Therefore, 


from the capital is four times six or twenty-four per cent 
per annum 
3. A possibility may exist when a company has a cash 
surplus and this operating capital is available at “no cost 
In estimating the amount of capital required for inven 
tory, two figures will generally be derived. The first will 
be the amount necessary to purchase all the items t DC 
stocked to initial quantities. The long term capital re 
This req 


ments are the basis of the second figure 


1 


will be based on the actual inventory maintaine 


one-half or two-thirds of the initial expenditure 


> Cost of Space... 


Several lines of reasoning can be used to arrive at tne 


cost of space occupied by the stockroom and its fair burden 


1 
1 


of hallways and other nonoperating spaces. It can be argue 


that the space is rented at X-dollars per square foot per 
year, therefore, the cost in dollars per year is determined | 
multiplying this rent by the footage used 


Another approach seeks to establish the "profitability 


the space if used for some other purposes such as engi 
ing work areas 
Still another line of reasoning says that the space 
being used for anything and it can be considered as 
The applicable costs can be determined only in th« 


of specific circumstances. However, the first method 


sented is usually used, that is, the rent of the space 


proper traction of the total cost of owning ind < pe! 


} 


the building is used to determine the cost of the spa 


intended for other purposes than resear 
i 


development support, the amount of space to be 


StOC kroom 


for may be computed on the actual amount of 
stored at a particular time 

For research and development stock, it is not 
sible to vary the amount of space used at any 


1 


fore, a fixed amount of space must be allocated 


p Cost of Labor... 


This includes direct cost of the labor required to handle 


out of the stockroom, tO 


stock in and inspect incoming 


material, and to perform the required “paper work.” The 


overhead to be applied to this labor might be the general 


All 





overhead of the department concerned, or it be a 
special overhead applicable to nonproductive labor 

A difference of overhead might be justified on the basis 
that engineering labor overhead provides work space, labo- 
ratory tools, and equipment for the use of technicians or 
engineers. 

The stockroom space is for stock and only incidentally 
forms the work space of the stock clerk. The applicable 
overhead is determined only by the cost of hiring the stock 
clerk, paying him, and providing him with such facilities 
as wash rooms and medical service. The cost basis must be 


may 


consistent, that is, if an overhead rate is used which "pays 
the rent," the direct cost of rent should not be included. 


b Cost of Purchasing Stock... 


This covers the cost of preparing purchase orders and 
placing them; expediting, shipping, receiving, and paying 
for the material. This cost can usually be calculated on a 
per purchase order basis since, except for the actual ship 
ping charges, these costs are nearly constant, irrespective of 
the type of item or the number ordered at any one time 


* Inspection and Insurance... 


Cost of inspection is considered only if it is not included 
in the cost of purchasing and if it is not performed by the 
labor directly allocated to the stockroom. Cost of insuring 
the inventory carried in the stockroom must be considered. 
If such coverage is not obtained, some self-insurance cost 
should be established to provide for the eventuality of loss 


b Loss and Pilfering ... 


A certain amount of loss resulting from breakage, scram- 
bling which is not worth resorting, and deterioration during 
shelf life must be included. In addition, one must expect 
intentional pilfering of materials not used for company 
benefit and unintentional pilfering of materials used for 
company purposes but not charged to the proper account 
through neglect or carelessness 


> Purchasing and Price Breaks... 


Fewer orders are placed. The cost of a purchase order is 
either a constant or at least related to the number of types 
of items rather than the item quantities. A single purchase 
order may secure all of the components of one type required 
for months of normal operation. Most suppliers also find 
that the cost of processing a purchase order is relatively 
independent of the quantity of the item. Suppliers therefore 
tend to pass on such savings to the customer in terms of 
price breaks or discounts. 

Savings can generally be effected through the use of 
slower and therefore less expensive shipping methods as 
well as actual reduction in cost per pound because of gradu- 
ated price rate. For example, parcel post will do instead of 
messenger service. In parcel post, one ten-pound package 
shipped locally might cost $1.80 while ten one-pound pack- 
ages might cost $3.20. In addition, for the ten-pound pack 
age, the ratio of contents to packing costs will be better 


A2 


The per item cost of inspection is obviously less for 
larger quantities since the cost of inspection is composed 
of two factors—the set-up (operator instruction and make- 
ready), and the actual inspection. 


> Special and Standard Items . . . 


Certain areas of operation require use of special hard- 
ware. The stocking of such items prevents any time lag 
that might be required to obtain them specifically for each 
demand. 

With "standard" items available in the stockroom engi- 
neers do not need to spend time selecting an "approved" 
item, searching through catalogs, or getting supplier's prices 
and deliveries. In many instances, inexperienced engineers 
are hindered from ordering unsatisfactory items which 
must be returned for credit or discarded at a complete loss 
"Specials" and their attendant high costs are also avoided 

Many prototype design problems are more economically 
solved by cut and try procedures than by theoretical analysis 
To save time, an engineer with no stock items available 
might order all of the component values within the range 
he wishes to try. While with an adequate and simple stock- 
room procedure, he may draw only the most likely values 
and return only if alternates are needed. 

Even if the theoretical values of components are calcu 
lated in advance, trial runs of a prototype often reveal errors 
in calculation, oversight in component interactions, and 
unanticipated effects that will require experimental correc 
tion. If after the correct value of a component is determined 
and much time is needed to obtain it, engineering time is 
lost and costs mount. Stocks of replacement components 
and parts for test equipment prevent delays and accruing 
costs while the equipment is not operative 

If an engineer needs 10 components for a certain project 
and it is possible that one might be defective as-received or 
damaged during development work, he must order a certain 
overage. If he does not, work will stop while the “short 
component is obtained and another purchase order cost is 
added to the project. If he does order an overage, and ao 
loss occurs, the project pays for the ordered component 
With a smoothly operating stockroom, the “short” compo 
nent need be drawn only when and if needed 

Purchase of large quantities, besides the quantity dis 
counts and large prorating of set-up charges discussed pre 
viously, also results in more cordial relations with a particu- 
lar supplier. 

Adequate stock reduces the number of times emergency 
action The 
expedite or personally purchase an item is cut down 


costs are incurred tendency of engineers t 


p Operating Problems... 


Every effort should be made to integrate research and 
development stockroom procedures into those of the plant 
as a whole and to simplify those procedures to the maxi 
mum extent practicable. Thus "purchasing" from the stock 
room should be easier for the engineer to accomplish than 
purchasing outside 

The cost accounting method used in the stockroom should 
be unified with any inventory control system used. Purchas- 
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ing for the stockroom should be integrated into the "stand 


ard" procedure. However, blind adherence to procedures 
which vitiate the service rendered must be avoided 


Cost Accounting to Project 


In this day of accurate cost control and estimating, it is 
generally not enough to know what a whole operation costs 
—one must go further and provide measures for allocating 
costs to each project or work task on some equitable basis 
using acceptable accounting techniques. 

In a stockroom where only component items of generally 
comparable costs are stored, any inequalities of charges are 
small and tend to even out in the long run. Generally, one 


of the following types of cost charges to projects is adopted 


» Methods of Charging Costs . . . 


In the fixed percentage markup method, price to the 
project is determined from cost by adding a predetermined 
This re 
sults in odd values of prices and some unnecessary effort if 


percentage for purchasing, handling, and storing 


prices are carried out to more than the nearest penny. 

In a retail store markup system, prices are determined 
from cost by adding a percentage which depends on the 
item (for example 10 per cent for resistors, 5 per cent for 
tubes) and then rounding the prices to the nearest penny 

In a “distribution of cost at end of period” system, the 
actual costs of operating the stockroom during a given 
period are distributed to all projects on some percentage 
basis such as percentage of value purchased from the stock- 
room, or percentage of direct labor. This type of account- 
ing, while perhaps equitable in its cost allocation, is objec 
tionable whenever the man making withdrawals from the 
stockroom is also responsible for cost control on his project 
Thus, a Project Engineer can raise valid objection to “after 
the fact” charges which he cannot estimate or control 


» Dual Systems... 


In a company doing fixed price and cost plus fixed fee 
contract work, it may be necessary to establish two separate 
stockrooms, each entirely independent of the other to pre- 
vent the possibility of unallowable cost being charged to 
cost plus fixed fee work. Thus, two physically separate stock- 
rooms may be required 


understand 


for accounting purposes and it is 


well to such a requirement before estimating. 


>» Cost Distribution... 


Among the methods of charging items to a project are 
sales slips and project book. With sales slips, multiple copies 
are made out for each sale with or without the actual price 
entered. One goes to the project file, one to accounting, and 
one to inventory control 

With a project book, the stockroom clerk or the project 
engineer keeps a journal which is used every time a with- 
drawal is made from stock much as the entries in a savings 
account book are made for every cash withdrawal. The 
project journals are then audited periodically by accounting 


and returned for further use. The project book system allows 
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supervisory Management to approve a 
value for each project in advance of actual withdrawals in 
line with project cost requirements. 


drawing account” 


Inventory Selection and Control 


Inventory control can usually be combined with the cost 
accounting system and may use the copy of the “sales slip" 
or one of the various perpetual inventory schemes 

The determination of what is to be carried on inventory 
is frequently left to the usual administrative channels with 
the stockroom clerk maintaining the necessary records. A 
stockroom committee consisting of responsible engineers 
from various sections of the most interested groups 15 а 
satisfactory agency for determining stockroom policy 

It is good practice to maintain a continuous check on the 
rate at which a component item is used and to eliminate it 
from inventory when this rate falls below a reasonable limit 

Inventory control is usually accomplished by setting three 
quantities for each type of item 


l. The minimum quantity at 


which reordering sl 
take place 
The reorder quantity. 
». The maximum quantity to which a reorder will 
an item. 
On inexpensive items which have large price breaks, the 
order quantity might be considerably larger than consump 


tion would seem to warrant 


Pilfering Control 


Loss of stock through negligence and pilfering is bound 
to occur within almost any organization. Pilfering can be 
maintained at a minimum by 


l. A clerk 


element of cost into stockroom operation. Part-time hours 


in constant attendance. This brings a high 


at the stockroom may be resorted to for the purpose of 


reducing this cost, or the clerk may be assigned other duties 
2. Only a selected list of responsible engineers to be al 


lowed access to the stock 


> 


3. Education of personnel to dispel the misconception 


that “the company” is impersonal and therefore pilfering 


from it is not immoral 


The cost of pilfering must be compared 


of prevention if an economically sound conclusion is to be 


against the cost 


reached. A forty-dollar a week clerk with a 100 per cent 
overhead costs the company over $4,000 a year and a lot 


of stock items can be replaced for this amount 


Organization 


The position which the stockroom occupies in the 
ization structure can spell the difference between a su 
ful service and a serious financial loss. The usual pla 
group 
satisfactory if this whole group is under direct cont 


of the stockroom under the general service 
the engineering organization which it serves. Direct man 
agement of the stockroom by a small committee o 
sible engineers should be considered as a possible alt 


to assigning it to a service group 


REFERENCI 
The Research and 
IRE Transactions on Engineering 


1956 
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is revolutionizing 
alf ax graphic recording! 


ALFAX PAPER AND ALDEN ADJUSTERLESS 
RECORDING TECHNIQUES MAKE POSSIBLE— 


e Fastest, Most Accurate Means 
of Communication! 


New, high or low speed facsimile record 
ing systems which are the most accurate 
means of communication today are simple 


LL ee 
Hering's illusion of to install and operate virtually unattended. 


direction makes High Speed Selective Dispatch 
o "acsimile System 
two parallel lines 


Specially designed to permit sele 
" : t of pertinent data from any 
i - )y—-letters lispatches, reports 

орреог oblique z ^ etu for in transmission 
— wherever nee yet complete re 
ctions can also be sent 72 

inches f py 1800 wor 

зарег type, or 900 words 
t t can be transmitted 

and received per minute 


Continuous Reproduction 
Facsimile System 
ely high quality reprodue 
large opy: such as new 
weather maps, bluepr 
shed advertising layout iraw 
ir photographs, etc. can be 
transmitted easily with this equir 
scanned flat and re 
y on rem 


Alden Giant Bulletin 
System 


means of disse 


ion to large gr 


Arkwright Tracing Cloth Makes 
All Lines Appear Clear and Sharp 


ARKWRIGHT MEANS EASIER, FASTER DRAFTING. Its superior 


working surface is free of pin holes and thick threads, and will * Better Control of Processes and 
Operations! 


withstand repeat rasure ith f i i 
peated erasures without eathering. Simple, rugged recorders which monitor 


up to thirty operations simultaneously or 


ARKWRIGHT PROVIDES SHARPER PRINTS. Its greater transparency capture faithfully the full output of elec- 


' i : i Р tronic detection devices. 
is achieved by special mechanical methods. Maximum trans- 


n А j Magazine Fact Finder 
parency is the key to the clean, sharp reproduction of Arkwright. 2 Channels Plus Timing 


M Here is a compact Magazine Ке 
* corder which will] permanently гє 
ARKWRIGHT GIVES LONGER LIFE. By increasing transparency by m ua I MET Ж 
е time signal on the Alfax Taj 
mechancial method and not with surface oils, Arkwright resists ÁN 
ate unattended — remotely r 
the spot 


opacity and brittleness. Its durable finish prevents tearing, fray- 


í х Multi-Channel Fact Finder 
ing and curling. | 30 Channels Plus Timing 
t is possible to monitor and 
ver ntly record 30 operations 
x | in eously o Alf Paper 
FOR LINES OF DISTINCTION, place This 30 Channel Fact Finder is 
BE d E for lab or bench use, ¥ 
your important work on Ark- a > Ж... ү. Ж ОЖ... 
Ў " 1 и зарег is smooch- proof 
2 2 p ра ad humidity 
wright Tracing Cloth — the rolls Е = in, the instrument can ‘be | 
: М ч anywhere 
with the blue line. 
Flying Contact Spot Recorder 


Pu. 4 " Tremendous amounts of related ir 
WRITE FOR FREE SAMPLES of the NO. ugh: formation can be recorded ac 
i М rately in a very small space using 
? the Alden Adjusterless Helix Sweer 
brand known as "America's Recorders.--Avallable for continu 
s ous paper roll width of 2” f a” 
" : neh - 2" and 19". Hel i paper feeds 
Standard." Arkwright Finishing — : — ЖЫН сы Ир СИ 
* " t r with special drives t 


Co., Industrial National Bank x " ! ur own specifications 


Lal: : Alden Curve Plotters 
viden К. I. 
Building, Pro de ce, Basie Helix Recorder wit 
ial electronics can provide cor 
automatic plotting of any 


к ^ ы " nuous 

1 "ў )enomena that can be converted t 
v ? { oltage. Any number of channels 
р са be recorded simultaneously 
A ў "T mg with standard or reference 


the informat 
permanently seif 


аага 3 › ALDEN ELECTRONIC AND IMPULSE 


, å | RECORDING EQUIPMENT CO. 
AMERICA'S STANDARD FOR OVER) p^ ХРА RS Alden Research Center Westboro 6, Mass. 
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Production Boom Putting on Pressure 
for Greater Drafting Room Output? 


IS THE TIME TO ACT in Behalf 
of Your Company and Yourself! 


Chances are that your company, like most, 
is gearing up for greater-than-ever produc- 
tion. That means more and more pressure 
on your drafting department for engineer- 
ing drawings and prints. You owe it to 
your company and yourself to equip your 
department, right now, to meet growing 
demands with greater output! 

New, higher-production equipment and 
materials can help you do it! Never has 
there been a better opportunity to replace 


old, inadequate equipment with the effi- 

cient new products you’ve been wanting. 

With management’s desire for greater 

production, you couldn’t pick a 

better time to get approval for 

new equipment expenditures. BRUNING 
To discover for yourself how 

many ways you can boost draft- 

ing room output, yet save time and man- 

power, take a minute to look over the next 

three pages. You'll be glad you did! 


— > 


—— > 
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Look How Many Ways You 
Save Time and Money With 


حار 


ing & 
КУ 


aw 


R 
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—- n — 
Check the Places in Your Drafting Room Where Production 
Bottlenecks Can be Eliminated by Modern Bruning Products! 


Modern Copyflex Machines 
Speed Reproduction, 
Cut Operating Costs 


(1 


Five new and advanced machine models intro- 
duced in just the last year! They offer you all the 
benefits of diazo black-on-white reproduction, 
us problem-free installation and operation. 


a \ Modern Bruning Drafters 


Speed Drafting up to 30% 


Over conventional equipment, Brun- 
ing drafters speed drafting up to 30% 
on most jobs ... up to 40% on some 
structural drawings. Patented 
"Equipoise" gravity compensator, 
exclusive touch control indexing pro- 
vide unrivalled simplicity, precision, 
and ease of operation. Full range of 
models including Counterbalanced 
and Track Drafters. Standard or 
Civil Engineer protractor heads. 


l 

No fumes, no exhaust ducts. They bring you 
faster reproduction speed and a host of operator 
conveniences such as fast return of originals, 
automatic separation, front or rear delivery. 
There's a Copyflex model to meet every need. 
New, better Copyflex sensitized materials work 
together with Copyflex machines to give you 
premium results. 


JUST OUT! New Tabletop 
Model 300 with 30-inch print- 
ing width! Now the smallest 
engineering department can 
afford the advantages of “‘in- 
side" reproduction with low- 
cost Model 300. The largest 
ست سم‎ can economically 
supplement its reproduction 
center with additional, strate- 
gically located Model 300s. 


Modern Bruning Tracing Mediums 
Speed Drawings, Enable 


Sharper Prints 


These improved drawing 
mediums are unsur- 
passed for translucency, 
pencil-and-ink taking 
qualities, and  perma- 
nence. You make draw- 
ings and tracings far 
easier and faster, get 
cleaner and sharper 
prints. Select from a 
complete variety. 


( 





Can Boost Drafting Room Output, 
New, Modern Bruning Products! 


Why Let Old and Inadequate Equipment and Materials 
Stall Operations Now, When More and More 

Output Is Demanded of Your Department? 

Every Day You Delay Is Costing You Time and Money! 


Here are the modern, higher-production products 


some the newest on the market —that can help you 


boost drafting room output by replacing old and 
inadequate equipment and materials. A pioneer 
researcher in its field, Bruning still leads the way 
today with such developments as newly improved 
tracing papers and cloths that are setting a new 
standard in their field . . . newly improved sensitized 
materials that give you quality reproduction never 


before attainable new, improved Copyflex 


Modern Hamilton 

Drafting Tables 

Provide up to 

50% More Use of 

Floor Space 
You can put six Hamilton Auto- 
Shift tables where you now have 
four boards with separate refer- 
ence desks. The unique design of 
Auto-Shift increases the efficiency 
of draftsmen, reduces waste mo- 
tion and fatigue. Bruning has a 
modern drafting table to suit 
every need and budget. 


Modern Hamilton 

UnitSystem Files 

Save Time, Space; 

Permit Orderly 

Expansion 
You choose the individual filing 
units you need and combine them 
in an integrated and interlocking 
stack. You save time because 
drawings are easier to file and 
find. You make the most efficient 
use of space, expand your filing 
set-up in an orderly fashion. 


machines that set a new high in quality, convenience, 
and economy of reproduction. 

Researcher, manufacturer, and supplier 
Bruning provides you a single, convenient, depend- 
able source for everything you need in top-quality 
drafting room supplies and service. You simplify 
ordering and stocking, save time and money. Com- 
panion products, like Copyflex reproduction ma- 
chines and Copyflex sensitized materials, are made 
to work together to give you premium results. 


More Products from Bruning 
to Help You Step up Production, 
Save Time and Money! 


Modern Drafting Tools and 

Supplies Help Speed 

Draftsmen's Work 
Bruning's wide selec- 
tion includes not only 
standard items, but 
many special time- 
saving aids such as 
dotting pens, propor- 
tional dividers, plani- 
meters, and Wrico let- 
tering sets. 


Modern Bruning Erasing 
Machines Save Hours 
of Manual Erasing 


Do a neater, safer 
erasing job. Save 
hours of finger-cramp- 
ing manual erasing. 
Patented hollow shaft 
permits use of extra- 
long, seven-inch eras- 
er, prevents "fly-outs." 
Quiet, cool, vibration- 
free. 


i — 
B R y N / N б Gives You More to Help Boost Output —————» 





3 More Reasons 


Why You Can Depend on Bruning to Help You Boost 
Drafting Room Output, Save Time and Money! 


New and Better Products 
—from Bruning Research and Engineering 


In the past, it was Bruning Research and Engineering that 
introduced the first pencil tracing cloths, the first fume-free 
whiteprinters in America, the first band-type drafting 
machines. Today, by virtue of its modern laboratories and 
large engineering staffs, Bruning still leads the way in the 
development of new and better products. In just the past 
year, Bruning introduced five new, advanced reproduction 
machines . . . many newly improved tracing materials. 


А 24 Bruning Sales- 


Service Branches 


€ 6 Bruning Distributors 
А 5 Strategically Located Plants 


The Product and Help You Need When You 
Need Them—from Bruning Sales Service 


With the most comprehensive network of sales-service 
branches, distributors, and plants in its field, Bruning assures 
you of prompt, dependable service and supply. Your nearby 
Bruning branch is headquarters for a capable staff of 
Bruning sales-service specialists who are immediately avail- 
able to you. Your nearby Bruning branch or distributor 
carries a full line of Bruning products and is staffed and 
equipped to give you fast, efficient supply. You suffer no 
costly delays for lack of supply or service, 


| TM A À | 
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Consistently High Quality 
— from Bruning Manufacturing 


In its own modern paper converting plants at Teterboro, 
М. J., Chicago, Kansas City, Los Angeles, and Toronto, 
Ontario, Bruning controls quality all the way to bring you 
tracing mediums and sensitized materials of dependable, 
consistent high quality. The famous Copyflex reproduction 
machines are entirely Bruning manufactured to provide 
you the finest in reproduction performance 


America's Leading Supplier of 
Engineering and Drafting Equipment 


BRUNING 


There you have it—the “big package” from Bruning to 
help you meet the demand for greater drafting room output! 
You get a complete line of modern, high quality products! 
You get better service. They work together to bring 


you better results at lower cost. 


Charles Bruning Company, Incorporated 
4700 Montrose Avenue, Chicago 41, Illinois 
In Canada: Charles Bruning Company (Canada) Ltd. 
105 Church Street, Toronto 1, Ont. 


Printed in U.S.A, 





CLEARPRINT "FADE-OUT" PAPER 


USE CLEARPRINT'S NEW 
“FADE-OUT” GUIDE LINES 
WITH FULL CONFIDENCE 


FIT 


ТШШ 
ПЕШ uu 


ПШ 
ТШ ДШ 


Available in ROLLS up to 42" wide, and in 
SHEETS of any specified size. Grids ruled 4x4, 
5x5, 8x8 and 10x10 lines to the inch. 

Printed on Clearprint Technical Papers: 


No. 1000H—16 lb. weight 
No. 1020 20 lb. weight 


"FADE-OUT" PAPER 


THERE IS NO SUBSTITUTE — Demand Watermarked Clearprint 
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LINES FADE OUT 
COMPLETELY 
IN PRINTING 


Т m " 


Clearprint "Fade-Out" Paper 
is especially well adapted for 
heating, wiring, plumbing and 
electrical diagrams...for struc- 
tural and architectural draw- 
ings...for plant layouts and 
tool designs. See how Clear- 
print can reduce your drafting 
time and costs. Order a trial 
roll now, and apply it to your 
various needs. 


Make This Convincing 


. INVITES PENCIL AND PEN — Try 
Clearprint's perfect working sur- 
face with a 2H pencil, then with a 
ruling pen. Lines are sharp and 
clean — no feathery edges. 


ERASES PERFECTLY — Erase some of 
the lines. Redraw and erase several 
of them repeatedly. Crease the pa- 
per, too. 'Then hold it to the light 
and notice the absence of grid lines 
and ghosts. 


3. NO GRID, NO GHOSTS ON PRINTS — 
Make a quick print of the sheet. 
The original is faithfully repro- 
duced, clean and easy to read, 
without erasure ghosts or cross sec- 


tion rulings. 


THERE'S A CLEARPRINT PAPER 
FOR EVERY JOB 


ASK FOR COMPLETE 
SAMPLE BOOK 


IN SHEETS, PADS and ROLLS 


P lc E t шы 


CLEARPRINT PAPER CO. PD 
1482 - 67th St., Emeryville, Calif. 


Please send me sample Clearprint “Fade 
Out" sheets, with prices 
Send me Clearprint samples, with prices, for 


following uses 


Have your representative call at my office 


k 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
І 
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GOOD 


BETTER 


BEST! 


Let your drawing board provide the 
convincing answer in a practical test of 
Holliston’s Pel-X and Micro-Weave Tracing 


Cloths 


ТНЕ 


NEW 
Micro-Weav 
ana 


EE A 9 


Why not turn to your advantage a 
quality of tracing cloth that not only 
equals all others in normal workability 
but in many particulars is definitely 
"better." 


The ultimate test is your own drawing 
board. You can prove to yourself, as 
have so many draftsmen all over the 
country, that Holliston MICRO-WEAVE 
—in white or blue for ink or pencil— 
and Holliston PEL-X—water repellent 
finish— are rated as the “BEST.” 


Write for generous samples—today! 


HOLLISTON MILLS, INC. 


NORWOOD, MASS. 


PHILADELPHIA e CHICAGO 


and Pel-X are backed by Holliston's 50 years of leadership 
experience in developing special cloths for industry 


Catalogs 


and 
Bulletins 


To obtain copies of literature 
described below, circle corre- 
sponding number on coupon 


at end of this section 


(M-14) WORK FORCE INTEGRATION 
Booklet, 12 pp, discusses reasons for 
hiring Negroes, the questions that may 
be involved and how to deal with them 
National Urban League, Inc, 1133 
Broadway, New York 10, N. Y 


(M-15) RUBBER ROLL COVERING— 
Report 8, 2 pp, entitled “How Thick 
Should a Rubber Roll Covering Be?”, 
is one of a series intended to assist in 
the design and selection of industrial 
rolls. Rodney Hunt Machine Co., Dept. 
I. R, Orange, Mass 


(M-16) ANTHROPOMORPHIC TEST 
DUMMIES—Brochure, 23 pp, describes 
modular series of test dummies. Alder- 
son Research Laboratories, Inc., 10 E 
38th St., New York 16, N. Y 


(M-17) PIPING DESIGN — Brochure, 
12 pp, details general analytical method 
of piping flexibility analysis, for evalu- 
ating stresses, reactions and deflections 
in complex piping networks. M. W 
Kellogg Co., 225 Broadway, New 
York, N. Y 


(M-18) MAGNETOSTRICTION TRANS- 
DUCERS—Booklet, 38 pp, summarizes 
all practical experiments to guide the 
engineer toward a workable design in 
exploring new fields in the sonic and 
ultrasonic regions. A transducer is 
used to convert electrical input energy 
to mechanical output energy or me- 
chanical input to electrical output en- 
ergy. International Nickel Co., Inc., 67 
Wall St, New York 5, N. Y 


(M-19) ELECTRIC TACHOMETERS - 
Catalog 18-12-1102, 4 pp, describes 
line of panel instruments used for in- 
dicating engine speeds. Stewart-Warner 
Corp., 1840 W. Diversey Pkwy., Chi- 
cago 14, IIL 
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ASIC “150” assemblies housed in either vertical mobile cabinets 
or separate portable cases are available in |-, 2-, 4-, 6- and 
8-channel models. Each is equipped with driver amplifiers of current 
feedback design and regulated power supplies for each channel, and 
a recorder featuring níne extremely accurate paper speeds on 2- to 
8-channel models, five on single channel units. Appropriate plug-in 


ror 
tOL 


recording virtually any 0-100 cps phenomena. 


^ 


w 8-channel analog sy 
In addition, specialized and complete Sanborn systems © 
from 2- to 8-channels are available for recording analog 
computer outputs. The newest of these is the eight- 
channel Model 158-5490 illustrated, featuring extreme 
compactness, mobility and operating ease. Dual-channel 
DC amplifiers with a common power supply for every 
two channels measure single-ended or push-pull input 
signals. Input impedance 5 megohms each input lead to 
ground. Controls include individual-channel attenua- 
tors, position, balance, sensitivity, stylus temperature 
and paper speed (0.25 to 100 mm/sec.). Frequency 
response is flat to 20 cycles, down 3 db at 60 cycles for 

all amplitudes to 4 cm peak to peak. 


LLOGRAPHIC 
CORDING EQUIPMENT 


A choice of twelve "150 Series" plug-in preamplifiers is now available, to equip 

systems for any of numerous recording problems. Improved control of input 

signals results from attenuator ratios of |, 2, 5, etc., and calibrated zero sup- 
All Sanborn Preamplifiers and Recorders, pression on AC-DC, Carrier, and Low Level models. Types, in addition te 
as well as various other units, are available | foregoing three, include: Servo Monitor, DC Coupling, Log-Audio, Chopper 
separately for specialized applications or Stabilized DC, AC Wattmeter, Input Coupling, RMS Volt /Ammeter, 400 
use as “original equipment” in other cycle Frequency Deviation, and Frequency Meter. 
apparatus. Instruments include the Model 
150-300. 700 Wide Band Driver Amplifier 
and Power Supply. for use with low power Added to these three aspects of Sanborn Oscillographic Recording Equipment are the basic 


galvanometer elements, a "scope and or advantages of inkless recording in true rectangular coordinates, to provide accurate, 


n К | T easily interpreted records; high torque galvanometer (10 ma develops 200,000 dyne cm.); 
panel meter. When equipped with suitable over-all linearity 0.25 mm over middle 4 cm chart width, and 0.5 mm over entire 5 cm charts; 


“150” preamplifier, this amplifier provides controls for timing, manual and remote coding. 


a portable indicator for strain, force, Take advantage of the scope and flexibility of Sanborn equipment to answer your record- 


P | t e e Il be glad to ovide furthe f t d 
pressure, temperature, AC watts, audio ing requirements. Sanborn engineers will be gla prov urther information an 


application assistance whenever you wish. Contact your local representative or write to 
а | 
level, etc. Other units include the Model the main office below. 


150-1900 Master Oscillator Power Ampli- 

fier: Model 150-3100 Triplexer; Model 601 

and 602 galvanometers; Model 150-2900 Í 5 A Pi E O ee Б Cc о м p A fs Y 
Dual-Channel DC Amplifier. INDUSTRIAL DIVISION 





MODERN WHITEPRINTING 
EQUIPMENT 
DEMANDS MODERN METHODS 


Modern methods of handling emn 


whiteprint developing solution with the new 
Speed "E" Ammophyll pumper, help to improve 
the operating efficiency of the whiteprinting 
equipment. 

Speed "E" is versatile — it can be used to pack- 
age Ammophyll in our safe Poly-Ethylene plas- 
tic containers or with a minor change it can be 
used to pump Ammophyll developing solution 
into the whiteprinting equipment direct from 
our 13 gallon and 55 gallon poly-lined steel 
drums. 


SPEED "E" 


AMMOPHYLL PUMPER 
has these modern features 


* MORE CAPACITY CORROSION 


RESISTANT 
e SELF PRIMING © PLASTIC HOSES 


* ALL STAINLESS SEALED UNIT 
STEEL PARTS MOTOR 


TROUBLE FREE — ECONOMICAL — ADAPTABLE 


RESLABS, INC. 


DIVISION OF LINCO PRODUCTS CORP. 
2155 WEST 80th STREET DEPT. D CHICAGO 20, ILLINOIS 


NEW 


G-E CATALOG IS 
QUICK REFERENCE 
FOR 
MEASURING 
EQUIPMENT 


Lud 


r3 Б> 
р 1 
е кер 
БШШШ > Ф scia S 


Now available, this complete and concise 40 page 
catalog gives condensed buying information on more 
than 75 of General Electric's instruments for labora 
tory and production testing. Products included 
range from simple electrical testing devices to the 
mass spectrometer leak detector. Brief descriptions, 


applications, specifications and prices for each product 


enable you to make your selection quickly and easily. 
Request bulletin GEC-1016 from Section 585-54, 
General Electric Company, Schenectady 5, New York. 


GENERAL QD) ELECTRIC 


NSTRUMEN 


УУГА A 


и о Е CONN 


Дт ке 
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Read what a 

chief draftsman” writes 
about the new 

GF DRAFT*A*MATIC desk 


See how the 


GF 


Back of the Draft-a-Matic provides Quick turn of the Roto-Posi- 
o pull-out reference work surface, tioner brings into easy reach 
files and bookcase for the man at any part of drawing taped 


the next desk 


a revolutionary idea in the drafting room, 


helps a major automobile manufacturer. 


“We have used several of the Draft-a- 
Matic drafting desks for about three 
months, and we are well pleased with 
their versatility. 

“As you know, I was faced with con- 
siderable expansion of my department, 
with no additional space available. The 
Draft-a- Matic was the answer to my 
problem as far as space was concerned. 
In addition I was able to provide my 
employees with better facilities to 


work with. We agree with the claims 
made for Draft-a-Matic by the reduc- 
tion of fatigue . . . increased efficiency 


.and high morale. 


“We are so enthusiastic about the Draft- 
a-Matic that I wanted you to know that 
we are indeed grateful to you for intro- 


ducing us to this very fine drafting desk.” 


This letter indicates the reception given 
the Draft-a-Matic by industry. 


MODE-MAKER DESKS ® GOODFORM ALUMINUM CHAIRS 
SUPER-FILER MECHANIZED FILING EQUIPMENT ® GF ADJUSTABLE STEEL SHELVING 


GF metal business furniture is a GOOD investment 
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to the unique Flexi- Belt, 


Have you seen Draft-a-Matic? Your 
local GF dealer or branch has it. See 
it in the showroom. Try it in your own 
drafting room. Write us for details. 
The General Fireproofing Company, 
Department P-56, Youngstown 1, Ohio 


*Name on request 


Er 


GE 


GENERAL 
FIREPROOFING 


Foremost in Metal Business Furniture 





Catalogs and Bulletins continued 


(M-20) STATIONARY TACHOMETERS 
—Bulletin 105, 4 pp, describes line of 
instruments designed for measuring of 
machine speeds. Metron Instrument 
Co., 432 Lincoln St., Denver 3, Colo. 


(M-21) RULING AND DRAWING DE 
vicEs—Catalog, 19 pp, describes rulers, 
protractors, templates, dividers, slide 
rules, triangles, curves, other drafting 
instruments. C-Thru Ruler Co., Hart- 
ford, Conn. 


(M-22) COUNTERS AND ACTUATORS 

Catalog E-100, 8 pp, shows line of 
electrically operated counters with 
count life ratings from 200 million to 
) million. Production Instrument Co 
702-10 W. Jackson Blvd., Chicago 6, 
Ш 


(M-23) SOUND— Bulletin 120, 34 pp 
Fourth printing of this publication dis- 
cusses sound, phenomena, theory of 
sound and some engineering aspects 
Burgess-Manning Co., Libertyville, Ill 


(M-24) NUMERICAL INDICATOR 
Folder, 4 pp, describes device for re 
porting values of rapidly changing 
variables. Streeter-Amet Co, 4101 
Draftsmen want to use STANPAT Ravenswood Ave. Chicago 13, Ill. 
in place of the old-fashioned 
time-consuming method of M-25) PRESSURE RATIO INDK ATOR 
re-drawing and re-lettering Bulletin 561, 4 pp, gives specifica- 
specification and revision boxes, : : 
ratio indicating system. Norden-Ketay 
standard symbols, sub-assem- Corp., 99 Park Ave., New York 16, 
blies, components, and cross N. Y 
sections. 


STANPAT reprints your stand- (M-26) COUNTERS — Folder, 4 pp, 


ard drawing details on acetate describes batch counter, elapsed time 
meter. Spencer Mfg. Co., 3253 N 


Cicero Ave., Chicago 41, Ill 


tions and characteristics of pressure 


sheets with adhesive on front 

or back. Guaranteed not to dry out, come off, or wrinkle. Reproductions 
come crisp and clear. Save drafting time and money; use STANPAT (M-27) ANALOG-TO-DIGITAL CON- 
whenever drawing details re-appear on your tracings. VERTER—Catalog 58-10, 15 pp, de 
Prove to yourself how STANPAT saves time, effort, money. scribes data handling and reduction de- 
Send us your drawing details now for quotation without obligation. vice. Fischer & Porter Co., Hatboro, Pa 


(M-28) VENTURI TUBES AND NOZ- 


LM A Е" B ! ZLES—Bulletin 100, 4 pp. Data on 

` a i i= 4a LE advantages, construction and installa- 

a < we ғ tion details, range of sizes and specifi- 

STANPAT CO., Whitestone 57, N. Y., U.S.A. cations is given. Simplex Valve & 

=" 1 Meter Co., 7 E. Orange St., Lancaster, 


) 
STANPAT CO., Whitestone 57, N. Y., U.S.A. Phone: FLushing 9-1693-1611 Pa 


Pleose quote on enclosed somples Kindly send me STANPAT literature and samples 


(M-29) FREQUENCY COUNTER— Bul. 
NAME... E аз р i x letin, 2 pp, describes applications, 
TITLE ы, i — i specifications and has block diagram 
COMPANY... i : ت ت‎ of counter which measures 1 to 100. 
ADDRESS. бы i à нана клан 000 cps. Detectron Corp., 5528 Vine- 


" B NM © ч T. | me mm Е pay py land Ave., N. Hollywood, Calif. 
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Vibration Test and Control Equipment 


MB MANUFACTURING COMPANY 


for vibration TESTING 


MB VIBRATION EXCITERS 


MB electrodynamic-type shakers have 
the versatility, force output, and de 
pendability necessary for test applica 
tions such as: ( 1) Fatigue testing com- 
ponents to destruction ... (2) Locat 
ing noise sources in automobile bodies 
and chassis, blowers, etc (3) 
Shake testing electrical components 
like relays, switches, or radio chassis 


Complex Motion Testing 


has 


developed 
meet the requirements 
all necessary 


1070 State Street 


A Division of Textron 


Model C100 — 12,500 
pound force generator 


to determine their ability to operate 
under high vibratory loads (4) 
Determining the damping character 
istics of rubber, steel, plastics, etc 
(5) Identifying resonant fre- 
quencies and (6) Determining natural 
modes of aircraft structures such as 
wings, fins, and control surfaces. 
Vibration tests to MIL-E-5272A and 
11065-B and other specifications are 
performed easily on these exciters, 


MB 
exciter systems to 
They include amplifier, 
equipment and circuits, 


complete 


control 


and exciters with flat frequency response. 


Automatic Control Systems 
for MB Vibration Exciters provide automatic 
control over table amplitude (displacement and 
acceleration) and frequency; manual control of 
either function also possible. Performance more 
than adequate to meet MIL-E-5272A vibration 
requirements 


MB VIBRATION EXCITERS and CALIBRATORS 


Rated Force 
Model 


1.2 Ib. (C8*) 


10 Ib. (SD ! 
25 Ib. (C31* 1 
! 
1 


Total Stroke 


(or C7 sub-miniature tube tester 


2 
2 
50 Ib. (C1* в 
50 Ib. (C11* i 
150 Ib. (S6) 2 
200 Ib. (C6) 1 
600 Ib. (C5H 1 
1,200 Ib. (C10) 1 
3,500 Ib. (C25H 
12,500 Ib. (C100 
25,000 Ib. (C250 


Frequency Range 
c.p.s 


20 to 10,000 


20 to 2,000 
5 to 2,000 
5 to 500 
5 to 2,000 

0.35 to 500 
5 to 5,000 
2 to 2,000 
5 to 3,000 
2 to 2,000 
2 to 2,000 
2 to 2,000 


Power Supply 


Electronic 


Electronic 
Electronic 
Electronic 
Electronic 
Electronic 
Electronic 

Rotary or Electronic 
Rotary or Electronic 
Rotary or Electronic 
Rotary 

Rotary 


* Force generator or calibrator, Other models available 
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New Haven 


11, Conn 


Inc. 


for vibration MEASUREMENT 
VIBRATION PICKUPS Sensitive to 


low-amplitude vibration, yet rugged for 
field test work. Electrically damped; main 
tain calibration over wide temperature 
range. Resonant frequency below $5 c.p.s 
Over twelve types available for specific 
requirements. Type 122 for temperatures 
to 500° F; Type 115 probe-type for hand 
held exploratory testing. 


Type 122 Type 115 


METERS MB Meters 


are compact, portable 
units, designed for use 
with MB vibration pick 
ups. They give direct 
readings of vibration 
acceleration, velocity, Or 
displacement. Model 
M6, designed specifical- 
ly for jet-engine testing, 
has three high-pass filter 
networks (cut-off at 30, 
70 and 110 c.p.s.) and 
features push-button se 
lection of four pickup 
signals. A.C. operated 
Also suitable for gen 
eral test purposes 


Model M6 


for vibration ISOLATION 


ISOMODE* INDUSTRIAI 
rYPE ISOLATORS pro 
vide large deflection ratings 
with high load capacity, 
small size, and exceptional 
stability. Spring rate equal 
in all directions—mount at 
any angle—absorb vibrations 
for every plane. Unit load 
range 50 Ibs. to 2500 Ibs 
MIL-I-5432 (AN-I-16a) is 

met with Isomode* Type 17 

vibration isolators Load 

range 1⁄2 to 100 pounds per 

unit. They feature equal 

spring rate in every direc 

поп 


MANY OTHER ISOLATOR TYPES avail- 
able, including units for special applications; 
Isomode grommets; mounts with small di- 
mensions. Contact us on your specific re- 
quirements 

* Reg. U. S. Pat. Off 
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"Picturized" Testing with SCOTT TESTERS*—-your Key to 
Quality Control of Materials, Processing, Fabrication 


COMPLETELY NEW MODEL CET 


A radically new concept permitting far more exact 
and detailed analysis of materials than ever before 
possible. Offers infinite variation of load (0—2,000 
Ibs.), with wide speed range and ability to select 
and greatly magnify significant portions of curve. 
Constant rate-of-elongation with unbelievably pre- 
cise electric weighing. For tensile, compression, 
hysteresis (with automatic cycling). 


TENSILE-H YSTERESIS 

Here is the famed Scott patented “Incline-plane”’ 
tester for constant-rate-of-load testing. Performs 
tensile and hysteresis tests from single fiber to 
50 Ibs. tensile, giving “‘picturized’’ analysis of 
plastic film, metal strip, rubber, paper, foil, 
wire, cords, textiles, etc. Two models, with 
ranges 0—2 Ibs. and 0—50 Ibs. tensile 


STI MOONEY 

A new 1956 development, the “STI” is successor 
to the world-accepted Scott NBS Mooney and 
adds many new features increasing convenience 
and speed of operation, The exclusive features 
of the Scott Mooney make possible modern 
methods of determining VISCOSITY, SCORCH 
and CURE characteristics of elastomeric com 
pounds and assure reproducibility of results 


conformance with (and often are specifically 


Always remember—Scott Testers are standard THE WORLD AROUND. They test in 
named in) the specifications of U. S. and foreign requirements, viz 
D9 Electrical Insulation, 
General Services Administration Offices, Navy including MII 
Wright Air Development Center 


D6 Paper, 


SCOTT TESTERS 


RADIATION 
SOURCES 
for 
gauging 
calibration 
ionization 
radiography 
activation 
analysis 


EDGE LIGHTED 
PLASTIC PANELS 


| 


UNITED STATES 
RADIUM CORP. 


Hanover Avenue 
Morristown, N. J. 


4624 W. Washington Bivd., 
Chicago, III. 


5420 Vineland Ave., 
North Hollywood, Calif. 
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ISOTOPE 
ACTIVATED 
LIGHT SOURCES 


for 


yt me tri 


gen 
marking ant 
data display 


X-RAY SCREENS 
intensifying 
fluoroscopic 

photoradiographic 
for industrial 
applications 


scs 


RADIUM 


B4 Radio 


Army specificat 


INC. 


A.S.T.M. D13 


119 Blackstone St., Providence, R. |. 


PHOSPHORS and 
LUMINESCENT 
PIGMENTS 


for 
cathode ray tubes 
photometry 
area coating 


DIALS, PANELS 
and NAMEPLATES 


۲ 
агсгатт ап‹ 


appliances 


AFFILIATES 


CANADA 


RADELIN-KIRK LTD., 
1168 Bay St., Toronto 5, Ont. 


EUROPE 
UNITED STATES 
RADIUM CORP.-EUROPE, 
36 Avenue Krieg, 
Geneva, Switzerland 


Di! Rubber, D20 Plastics, D14 Adhesives 


Tubes and Electronic Devices; similar ISO specifications; Federal Specifications from 
JAN and AN, from the Bureau of Supplies and Accounts; Air Force from 
ons from Army Supply Installations 


STATE YOUR PROBLEM — 
SOLVING YOUR 
TESTING PROBLEM 
I$ OUR BUSINESS 


IF YOU'RE READING 
AN OFFICE COPY of 
Product Engineering, 
this coupon will bring 
you your own copies 
every month, at either 
your home or office 
address. 


SEND IT IN TODAY 


Circulation Deportment 
PRODUCT ENGINEERING 
McGraw-Hill Building 

New York 36, New York 


Pleose start my subscription to 
Product Engineering at once for 


0 1 уг. о# 95 [7 2 yrs. ot $8 3 yrs. at $10 
Name 

Title 

Company 

Address 


City and Zone 


State 


(Nome, title, and company must be clearly 
indicated.) 


] Check Enclosed O Bill Me 
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Introducing 


Consolidated Electrodynamics 


300 North Sierra Madre Villa, Pasadena, California 


NATIONWIDE COMPANY-OWNED SALES & SERVICE OFFICES 


Product Engineering — Mid-October, 1956 


WHAT IS IT? A completely ne 
writing oscillograph/amplifier syst 
providing an immediate, permanent i 
of rapidly varying voltages. Its f 
response, portability flexibility 
those of any similar equipm 


market today 


WHAT ARE ITS FEATURES 
square-wave and transient 
frequency response to 250 
record at /" double amplitu 


the frequency range of O0 to 250 cw 


The recording system uses no ink traces 
ire clean and easily interpreted. Push 
button speed selector provides instanta 


neous change of the record’s time base 


HERE CAN YO T? Datagraph can 
be used to record voltages from many 
sources . . . €.g., magnetic-tape playback 
units, carrier amplifiers, audio amplifiers, 
d-c amplifiers, telemetering discriminators, 
etc. Its high input impedance adapts it to 


a myriad of input devices 


FREQUENCY RESPONSE 
to 250 cps 
RECORD SPEEDS 
and 20" /sec 
NUMBER OF CHANNELS 
RECORD SIZE 70 mm x 500 ft 


AMPLIFIER INPUT 
IMPEDANCE 100,000 ohms 


SENSITIVITY 1 inch per volt; 1 
inch maximum peak-to-peak amplitude 


DIMENSIONS AND WEIGHT 


Oscillograph 9” x 10 
60 Ibs 


Amplifier 9” x 10 
SO Ibs 


In a new CEC bulletin, just 
released. Send for your cop 


of Bulletin CEC 1569-X1 





How Universal Boardmaster 


can help you IMPROV 


drafting efficiency 


built-in advantages 
than any other Drafting Machine 


Expanding design requirements demand greater drafting productivity and 
efficiency ! No other drafting machine can match the performance, accuracy 
and long-lasting service of the Universal Boardmaster. Ten exclusive 
features prove its time-saving, work-saving superiority. Get the facts! 
Call your drafting materials dealer, or write for illustrated bulletin. 


First Since 1901 


i À 


DRAFTING MACHINE CORPORATION 


7960 LORAIN AVENUE * CLEVELAND 2, OHIO 


Catalogs and Bulletins continued 


(M-30) MAGNETIC PARTICLE INSPEC- 
rION—Booklet, 12 pp, discusses vari- 
ous techniques, equipment, applica- 
tions. Magnaflux Corp, 7300 W 


Lawrence Ave., Chicago 31, Ill 


M-31) ENGINEERING INSTRUMENTS 

Catalog, 16 pp describes drafting 
templates, slide rules, scales, drafting 
instruments and supplies. Way-Mac 
Mtg. Co., 8124 Melrose Ave., Los An 
geles 46, Calif 


(M-32) PATENTING INVENTIONS 
Booklet, 19 рр, discusses the nature of 
an invention and the various steps nec 
essary in processing a patent applica 
tion. C G S Laboratories, Inc 391 
Ludlow St., Stamford, Conn 


(M-33) PERMANENT  MAGNETK 
DRUMS— Bulletin MD-200, 6 pp, in- 
cludes diagrams, performance data, ap- 
plication guides. Homer Mfg. Co., Inc., 
Dept. 145, Lima, Ohi 


(M-34) DRAFTING TEMPLATES—Cat 
alog 57, 11 pp, describes 64 templates, 
grouped for convenience into eight 
categories. Rapidesign, Inc., Box 592, 
Glendale, Calif 


(M-35) INFRARED DETECTORS—Bul- 
letin, 2 pp, describes characteristics, 
construction, circuitry and uses of these 
thermistor-type sensing elements. 
Barnes Engineering Со, 30 Com- 


merce Road, Stamford, Conn 


(M-36) PRESSURE TRANSDUCERS — 
Bulletins MPT-1 describe transducers, 
adapters. Statham Laboratories, Inc., 
12401 W. Olympic Blvd., Los Angeles 
64, Calif 


(M-37) TEMPERATURE CONTROLS— 
Catalog G-20, 4 pp, describes opera- 
tion, general specifications of the entire 
line, and has selection chart. Burling 
Instrument Co., 16 River Road, 


Chatham, N. J. 


(M-38) DRAFTING ROOM FURNI- 
rURE—Catalog, 16 pp, includes trac- 
ing storage files, drafting tables, drafts- 
man's stools and upholstered chairs 
Frederic Post Co., 3650 N. Avondale 
Ave., Chicago 18, Ill 


(M-39) PRESSURE GAGES Bulletin, 
Í pp, contains specifications on pres- 
sure and vacuum gages. Norden-Ketay 
Corp., 555 Broadway, New York 12, 
N. Y. 


Product Design Digest Issue 





оо юса 5S © 


— 
ML 


æ A 


USE TIME-SAVING 
COUPONS BELOW 


. .. fo request further information on 


all products advertised in this Digest Section 


. » . fo request your copies of product catalogs 


and bulletins listed and described in this section 


C you will find similar coupons at the end of each Digest Section) 


Consult the Product Index begin- 
ning on page 12, when you want 
all available information on a 
particular type of product; this 
Product Index is your guide to all 
advertisements in this Design Di- 
gest Issue by manufacturers of 
this type of product. 


Circle these numbers for further information about 
advertisers appearing in this section 


А24 A25-8 A29 A30 A31 
A33 A34 


AL32 ATR32 ABR32 
A35 ATL36 ABL36 A37 A38 


Circle these numbers for your copy of bulletins 
listed in this section 


M14 M15 M16 M17 
M23 M24 M25 
M31 
M39 


COMPANY 
BUSINESS ADDRESS 


CITY, STATE 


If you have specific questions to ask about any 
product advertised, a letter direct to the manu- 
facturer, at the address given in his advertise- 
ment, will be welcome. For clarity and prompt 
service, include reference to PRODUCT ENGI- 
NEERING's Product Design Digest Issue, and 
page number of the advertisement prompting 
your letter. 


Circle these numbers for further information about 
advertisers appearing in this section 


А24 A25-8 A29 A30 A31 
A33 A34 


AL32 ATR32 ABR32 
A35 ATL36 ABL36 A37 A38 


Circle these numbers for your copy of bulletins 
listed in this section 


M14 M15 M16 M17 
M22 M24 
M30 M31 M32 


COMPANY 
BUSINESS ADDRESS 


CITY, STATE 





NEW BOOKS 
Metals and Alloys 


Engineering Metallurgy by L. F. 
Mondolfo, Prof. of Metallurgical 
Engineering, Illinois Institute of 
Technology, and Otto Zmeskal, Re- 
search Prof., College of Engineer- 
ing, Dept. of Mechanical Engineer- 
ing, Univ. of Florida, 9V4 x 6 in., 
397 pp. Publisbed by McGraw-Hill 
Book Co., 330 W. 42 St., New York 
36, N. Y. $7.50. 


Rather than simply describing metal 
products and their production and 
working, the authors have attempted 
concepts and 


theories on which the various processes 


to describe the basic 
of extracting, refining, forming, treat- 
ing and joining metals and alloys are 
based 

The first part of this volume is de- 
voted to a description of the extraction 
of metals from their ores and the prep- 
aration of commercially pure metallic 
products ready for the rolling mill or 
foundry. An analysis of metal structure 
and phases and their effects on various 
alloys and their properties follows. 

Separate chapters are provided on 
casting principles, casting practice, 
plastic deformation and annealing, 
heat treatment, joining, powder metal- 
lurgy, corrosion. The last two chapters 
discuss, separately, ferrous and non- 
ferrous metals. 


Elevated-Temperature Properties of 
Carbon Steels. 81 x 11 in., 63 pp, 
paper bound. Published by the 
American Society For Testing Ma- 
terials, 1916 Race St., Philadelphia 
3, Pa. $3.75. 


Report is a graphical summary of 
the elevated-temperature strength data 
for carbon steels. It includes summary 
curves for tensile strength; 0.2 per cent 
offset yield strength; per cent elonga- 
tion and reduction of area; stresses for 
rupture in 100, 1000, 10,000 and 
100,000 hr; and stresses for creep rates 
of 0.0001 and 0.00001 per cent per hr 
(1 per cent in 10,000 and 100,000 hr) 

The primary sources of data for this 
report were the laboratories engaged in 
the evaluation of metals for elevated- 
temperature service. However, to make 
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this report more complete, data have 
been taken from trade bulletins and 
the published technical literature. 
The following section headings are 
used for the various groups of data 
killed carbon steel (0.12 to 0.17 C); 
killed carbon steel (0.18 to 0.24 C); 
ASTM A 201, Grade B, plate steel 
(0.24 C max); ASTM A 106, Grade 
B, pipe steel (0.30 C max); killed 
carbon steel (0.27 to 0.58 C); alumi- 
num-killed steel; open steel (rimmed 
or capped); miscellaneous carbon steels. 


Materials Handbook—8th Edition 
by George S. Brady, former Con- 
sultant and Engineer, 9144 x 614 in., 
1022 pp. Published by McGraw- 
Hill Book Co., Inc., 330 W. 42 St., 
New York 36, N. Y. $11. 


Handbook gives data on approxi- 
mately 10,000 materials. It presents 
pertinent facts on metals, alloys, re- 
fractories, abrasives, woods, and others 
—all arranged and indexed for quick 
reference. 

The most essential and useful facts 
for purchasing agents, engineers, ex- 
ecutives are given, rather than an ex- 
haustive treatise on each material. 
Chief characteristics, comparative data, 
sources, substitutes, adulterants, and 
uses for each are provided. 

Part II presents basic information on 
the economic geography of materials 
resources, weights, measurements, and 
physical comparisons. 


Nuclear Metallurgy, Vol. II. 875 x 
11 in., 94 pp. Publisbed by Ameri- 
can Institute of Mining and Metal- 
lurgical Engineers, Inc., 29 W. 39 
St., New York 18, N. Y. $3.75. 


This book gives the latest informa- 
tion on the behavior of metallic mate- 
rials in the corrosive conditions en- 
countered in nuclear reactors. Included 
are six articles by authors presenting 
technical papers at a symposium on 
nuclear metallurgy conducted by the 
Institute of Metals Div. of AIME dur- 
ing the annual meeting held in New 
York on Feb. 20, 1956. 


These are: 


General Problems in the Application 
of Materials in Reactor Environments” 
by R. C. Dalzell, AEC; “The Behavior 
of Materials in Aggressive Liquid 
Metals” by D. H. Gurinsky, Brook- 
haven National Laboratory; “Behavior 
of Materials in Nonaggressive Liquid 
Metals” by R. F. Koenig and E. G 
Brush, General Electric Co.; “The Ap- 
plication of Materials in Low Tem- 
perature Water and Organic Liquid 
Cooled Reactors” by J. E. Draley and 
S. Greenberg, Argonne National Labo- 
ratory; “Structural Materials for Use in 
the Pressurized Water Power Reactor” 
by D. M. Wroughton and D. J. De 
Paul, Westinghouse Electric Corp.; 
‘Corrosion of Materials in Fused Hy- 
droxides” by G. P. Smith, Oak Ridge 
National Laboratory. 


Directory of Steel Foundries. Pub- 
lished by the Steel Founders’ Soci- 
ety of America, 606 Terminal 
Tower, Cleveland 13, Obio. $10. 


This directory includes every known 
foundry in the United States, Canada 
and Mexico, gives basic information as 
to the type, size and kind of steel cast- 
ings produced, and lists melting, heat 
treating and special processes used 
The rated capacity and number of em- 
ployees is also included. 


High Temperature Corrosion Data. 
NACE Technical Committee Re- 
ports, Publication 55-6, booklet, 
1114 x 8 in., 6 pp. Published by the 
National Association of Corrosion 
Engineers, 1061 M & M Bldg. 
Houston 2, Texas. $0.50. 


Information on the high tempera- 
ture corrosion behavior of 31 materials 
ranging from cast iron to lead and 
including some non-metallics has been 
tabulated and published by the NACE 
The report was compiled by Technical 
Unit Committee T-5B 

The data cover a number of stainless 
steels and high alloys subjected to tem- 
peratures over 400 F. Corrosion rates 
are indicated as low, moderate or high 
versus specific temperatures. 
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and Alloys 


Air Cooled and Oil Quenched Pearlitic Malleable Irons by John E. Kruse 
Wrought Alloys for Jet Engine Bucket Application by Stephen C. Demirjian 
Alloys for High Temperature Applications 

Irradiation Effects on Metals ... 

Selection Charts for Investment Casting Alloys by D. V. Ludwig and R. L. Wood 


Fatigue Properties of Wrought Phosphor Bronze Alloys by G. R. Gohn, 
J. P. Guerard and H. S. Freynik . 


Boron-Modified Cobalt-Base S-816 Alloy by W, E. Blatz, E. E. Reynolds 
and W. W, Dyrkacz ... 


Magnesium Plaster Mold Castings by E. J. Willis . 
Nomenclature for Magnesium Base Alloys . 


Factors Affecting Aluminum Alloy Selection by J. R. Willard and R. R. Cope 
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Fig. 1—Typical stress-strain curves for air cooled and drawn and 
oil quenched and drawn pearlitic malleable iron. 


From: Modern Castings and American Foundryman 


Air Cooled and Oil Quenched 
Pearlitic Malleable Irons 


JOHN E. KRUSE 


Research Metallurgist 
Albion Malleable Iron Company 


ON THE BASIS of the results of tests, 
conducted to correlate the relationships 
of mechanical properties and machin- 
ability to the type of microstructure 
found in air-cooled and oil-quenched 
malleable iron drawn to various hard- 
nesses, the following conclusions are 
drawn: 

1. Mechanical properties of pearlitic 
malleable iron depend upon the quan- 
tity, size, shape, and distribution of the 
structural constituents. 

2. There exists a relationship be- 
tween hardness and microstructure that 
permits the prediction of mechanical 
properties. 

3. Oil-quenched and drawn pearlitic 
malleable iron at the same hardness as 
air-cooled and drawn exhibits approxi- 
mately the same tensile strength, but 
higher yield strength and greater elon- 
gation. 

4. Machinability, evaluated from 
drilling tests and expressed as horse- 


power to remove a cubic inch of mate- 


rial per minute, appears to be a func- 
tion of yield strength. 

Power required to machine increases 
at approximately the same rate for 
both air-cooled and drawn and oil- 
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quenched and drawn ferritic malleable 
over the average yield strength range 
of 37,500 to approximately 50,000 psi. 
Above 50,000 psi the power require- 
ment for air-cooled and drawn malle- 
able iron increases rapidly while that 
for oil-quenched and drawn continues 
to increase at a uniform rate. 

All test specimens had the following 
chemical composition in per cents: 
C, 2.42; Si, 1.67; Mn, 0.44; S, 0.165; 
Cr, 0.050; and P, 0.04. Specimens for 
tests to determine mechanical proper- 
ties were standard 0.625-in. test bars 
machined to a diameter of 0.505 in. 
Specimens to determine machinability 
were Áxáx24 in. blocks. 


Tests For Mechanical Properties 


Thirty pairs of test bars were sub- 
jected to first stage heat-treatment in 
a controlled atmosphere continuous 
type furnace and air cooled by forced 
convection to an average Brinell hard- 
ness of 285. Fifteen pairs were then 
re-heated to above the critical and oil 
quenched to obtain a fully martensitic 
matrix of 600 Brinell hardness. 

Ten pairs of air-cooled and ten pairs 
of oil-quenched test bars were placed 
in a draw furnace at 1320 F. An oil- 
quenched and an air-cooled test bar 
were withdrawn together from the 


furnace at 30 minute intervals, after 1 
hour at temperature and continuing 
for 9 hours. Resultant Brinells were 
223 to 156 for oil-quenched and 
drawn, and 229 to 143 for air-cooled 
and drawn bars. 

To obtain material in the hardness 
range of 321 to 248 Bhn, the remainder 
of the test bars were placed in the fur- 
nace at 1220 F, and withdrawn at 30 
minute intervals after 45 minutes at 
temperature. 

The bars were tested in tension in a 
hydraulic testing machine equipped 
with serrated grips. Strain measure- 
ments on one bar from each pair were 
made at each 100 pounds applied load 
with SR-4 strain gages at a free load 
cross head speed of 0.007 in. per min. 
From the derived stress-strain curves, 
yield strengths at 0.1 and 0.2 per cent 
offset, and yield points at 0.5 and 1.0 
per cent total extension were obtained. 
In Fig. 1 are shown typical stress-strain 
curves. 

The other bars in each pair were 
tested at a free load cross head speed 
of 0.033 in. per min.; yield points were 
determined by dividers method at 0.5 
and 0.1 per cent total extension. 

In Tables I and II are given the 
complete tension test results, together 
with Brinell hardness made on the 
center of a transverse section of the 
grip end of the test bars. Odd num- 
bered bars in Tables I and II were 
tested with SR-4 strain gage, while 
data for even numbered bars were ob- 
tained with dividers. 

The relationship of tensile strength, 
yield strength (0.2 per cent offset), 
and elongation to Brinell hardness, 
shown in Fig. 2, was obtained by the 
method of least squares to determine 
the best fitting straight line through 
the experimental data. 

Microspecimens were taken 1 in 
from the fracture on bars of repre- 
sentative hardnesses over the entire 
hardness range (163 to 285 Bhn) to 
observe the progressive change in 
microstructure and the effect of heat- 
treatment on mechanical properties. 

Significant deviation in mechanical 
properties between oil-quenched and 
drawn and air-cooled and drawn test 
bars at the same hardness are evident 
in Fig. 2. Most apparent is the increas- 
ing difference in yield strength as the 
hardness increases from 163 to 285 
Brinell hardness. 

Stress-strain curves of Fig. 1 indicate 
a sharp-knee diagram results from oil- 
quenched and drawn test bars; while a 
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more rounded knee is obtained for air- 
cooled and drawn test bars. Plastic de- 
formation commences at a higher ap- 
plied stress for oil-quenched material 
at the same hardness as air-cooled. This 
is attributed to the difference in dis- 
tribution and arrangement of ferrite 
and cementite. 

The greater area contained under a 
stress-strain curve for oil-quenched 
specimens their superior 
toughness to air-cooled specimens at 
the same hardness 


indicates 


MICROSTRUCTURE. Two fundamental 
ly different types of microstructure de- 
termined by the rate of cooling are 
obtained prior to the draw operation. 
Cooling in air produces a microstruc- 
ture of nodules 
rounded by bullseyes of ferrite in a 
matrix of lamellar pearlite, Fig. 3 
(bottom, left). By reheating such ma- 
terial to above the critical temperature, 


temper carbon sur- 


transforming pearlite into austenite, 
and quenching in oil a microstructure 
of temper carbon nodules in a matrix 
of martensite is formed, Fig. 3 
left). The distinct difference in hard 
ness, 285 Bhn for the air-cooled struc- 
ture and 600 Bhn for the oil-quenched 
structure, is a 


( top, 


result of the form in 
which the carbon, other than temper 
carbon or graphite, is distributed 


Tests For Machinability 

Coupons for the machinability tests 
were 4x4x3 in. blocks, cast and proc 
essed as in the preparation of the ten- 
sile test blocks 
heated to 1570 F and oil-quenched to 
obtain a fully martensitic matrix. Oth 
retained in the 


bars. Some were re- 


ers were air-cooled 
condition after first stage anneal. All 
were drawn for varying times at 1200 
F to secure hardnesses of 262 to 137 
Brinell hardness 

To expose uniform interior metal, 
lg in. of metal was removed from the 
cope surface of each block preparatory 
to drill Brinell 


were made on the 


testing impressions 


machined surface 
and microspecimens were taken l^ in 
from the edge opposite the gate 

Drilling tests were conducted at the 
University of Michigan Metals Proc 
essing laboratory. Tests were made 
with 2$ in. dia, high-speed steel, ferric 
oxide coated drills of approximately 
3 in. flute lengths. Drill web thickness 
was about 0.051 to 0.055 in., and a re- 
lief angle of 6 deg. Standard conditions 
of speed and feed were 480 rpm and 
0.007 inch per minute. 


Tensile strength 


|= O1/ quenched and drawn 


—— Air cooled and drawn 


+ 


Yield strength 
O.2 percent offset 
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——9 Qi! quenched and drawn 
=== Air cooled and drawn 


1000 psi 


Stress 


Brinell 


Elongation 
| 777 Oi! quenched ond drawn 
—- Jr cooled and drawn 


hordness 


Fig. 2—Tensile strength, yield strength, and elongation for pearlitic malle 
able iron of different hardnesses. Horizontal lines indicate range of proper 
ties specified for respective ASTM and SAE grades. 


A floating vise was mounted on the 
drill press so that the thrust compo 
nent of power could be determined 
with SR-4 gages. The torque 
component determined from 
changes in a magnetic field caused by 
a core mounted in the vise support 


strain 


was 


moving within a separately supported 
coil 

Test blocks were randomly arranged 
in groups of ten. Test results indicated 
no assignable causes for variation in 
torque and thrust values, therefore, the 
values obtained from each block of a 
specific hardness were averaged to ob 
tain the best 
value. These values were converted to 
units of horsepower developed to re 
move a cubic inch of metal per minute 
In Table III, these horsepower values 


estimate of their true 
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are given together with Brinell hard 
nesses; in Fig. 4 these data are shown 
graphically 

Because of the similar microstruc 
ture of a pearlitic malleable machin 
ability block and a test bar drawn to 
the same hardness, the expected yield 
strength (0.2 per cent offset) of a ma 
chinability block was determined from 
its Brinell hardness by means of Fig. 2 
In Fig. 5 is shown the relationship of 
this yield strength to unit horsepower 

The close association of plastic flow 
plus either tensile or shear failure in 
metal cutting suggests a probable rela- 
tionship of machinability to mechani- 
cal properties of material as deter 
mined by microstructure 

А general 


Brinell 


linear relationship of 


hardness to unit power as 
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Table I—Mechanical Properties of Air-Cooled and Drawn Test Bars shown in Fig. 4 indicates that power 

increases with hardness. A significant 

Yield Strength (psi) : change occurs at 241 to 245 Bhn in 

uS Tótal Extension E the air-cooled and drawn material. A 

= "E typical microstructure at this hardness 

indicates that this change can be at- 

122,100 tributed to the relatively uninterrupted 
118,800 ‚100 1 nic cell i . 

116 700 700 5 distribution of pearlite, the subse- 

118,000 $ quently increased strength and hard- 

118,800 000 71,500 71,000 7,000 ness of this type matrix, and its re- 


114,000 ‚600 sistance to cutting. 
109,100 , 200 , 200 , 000 , 000 ә : 
107 000 '800 Yield strength and per cent elonga- 


110,200 500 5,800 5,000 | , 000 tion in particular, Fig. 2, indicate that, 
109, 200 900 at the same hardness, oil-quenched and 
92,200 | 59,400 .000 | 51,100 ‚200 drawn pearlitic malleable iron has 
95,600 ‚600 ‚200 . а ‘ 
88 200 | 55 900 '500 `100 7.200 : greater toughness, suggesting a higher 
92,500 ,400 800 power requirement to remove metal 
с 7 00 - ۰ . 
85,800 56,000 ‚000 ‚800 , The data of Fig. 4 together with re- 
‚100 , T" | "à 
orted requirements o rning te: 

,100 400 000 p— у ot turning tests 
400 | в support this contention. 
800 900 ‚000 This hardness-power correlation does 
300 Е 

not take into account the factors of 
a 3,000 ‚990 structure and mechanical properties. 
800 3.800 200 t The data shown in Fig. 5, however, 
800 : indicate that power requirements for 
100 300 000 o š 

both air-cooled and oil-quenched 
800 5 e : 
100 38 200 36 500 pearlitic malleable iron converge to 
800 that determined for completely an- 


‚200 36,500 34,200 5.5 nealed ferritic malleable iron 
200 
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This convergence is to be expected 


Table H—dMechanical Properties of Oil-Quenched and Drawn Test Bars Table III—Machinability Data 


| Yield Strength (psi Test Unit 
Test | Tensile Elonga = k Bhn Mov 
Bar Strength Total Extension Offset tion NO in min 


No рз! | Per Cent OIL-QUENCHED AND DRAWN 
1.0% 5% 2% 

45 262 094 
51 700 700 | 000 500 800 3.5 46 255 073 
52 i 200 118,000 | 4 241 053 
ә : Da | : 48 229 011 
53 | ‚900 200 500 7,500 5,000 
54 100 97,700 5 49 207 950 


55 000 93,000 000 000 200 5 183 867 
51 174 847 
d 52 156 805 
56 000 | 92,200 5 

57 000 88 , 000 5,200 200 300 га 5: 2 

5 / 

‚800 89,300 55 053 
600 83,800 900 , 000 800 011 


400 | 200 i 
57 950 
| 58 
5,400 | 74,100 3,200 73,100 72,200 ‘ 59 
600 500 ,600 
000 , 000 , 200 ,200 | 7,600 
700 | , 200 , 200 
000 5,000 ,000 | 600 000 





600 000 000 | ? AIR-COOLED AND DRAWN 
000 000 900 700 
200 3,600 100 ) 223 i 
400 100 000 5 700 1 . 217 0 
200 000 100 ў 217 0 
197 0 
400 58,700 58,200 58,200 - d 7 241 1 
700 600 600 Я 7 235 9 
200 56,000 56,000 56,000 56, ' us ” 
700 59,900 58,900 | 1 73 207 0 


700 54, 200 53,900 53,800 ‹ 8 187 0 
187 0 

К OM 7 166 0 

,600 57,500 56,500 143 0 


, 100 000 46,800 ‚800 


‚700 51,600 51,100 ә. FERRITIC MALLEABLE 
,900 100 | 45,000 | 44,900 
700 | 51,400 ,400 | | - 134 
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Fig. 3— Typical microstructures of pearlitic malleable iron.— 
( Top, left to right) Oil quenched 600 Bhn; oil quenched and 
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Fig. 4—Power required to machine related to hard- 


Fig. 5—Power required to machine related to yield 
ness produced by heat-treatment. 


strength and heat-treatment. 


Both the microstructures and mechani- 
cal properties have been shown to ap- 
proach that of ferritic malleable iron 
at 140 Bhn. The divergence at the 
higher values of yield strength is at- 
tributed to the different type micro- 
structures and resultant strength rela- 
tionships. 

Oil-quenched and drawn pearlitic 
malleable iron will have lower tensile 
strength or hardness at the same yield 
strength than when air-cooled and 
drawn, and offer less resistance to cut- 
ting. On the basis of improved ma- 


chinability, the test results indicate 
that oil-quenched and drawn pearlitic 
malleable iron could be used for ASTM 
grades 53004, 60003, and 70002 if 
design specifications are primarily on 
yield rather than tensile strength 
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Fig. I—Effect of temperature on tensile 
strength of four wrought alloys. 
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Wrought Alloys for Jet 


STEPHEN G. DEMIRJIAN 
Thomson Laboratory, Smal! Aircraft Engine Department 
General Electric Company 

AMONG THE WROUGHT ALLOYS used in the manufacture 
of precision forged jet engine buckets, the cobalt-base and 
the nickel-base alloys are most widely used. In Table I are 
given the chemical compositions of one cobalt-base alloy, 
S-186; and three nickel-base alloys, M-252, Udimet 500, 
and Inco 700. In Table II are given the heat-treatments that 
buckets forged of these alloys receive. 

The treatment for S-816 has been in effect for a number 
of years, while those for the age-hardenable nickel-base 
alloys were developed after extensive testing. Recently, it 
has been proposed that the 4-hour aging time for Inco 700 
be increased to obtain improved tensile and stress-rupture 
properties 

The mechanical properties cited in this article for these 
alloys are General Electric test results of only one heat of 
each alloy. To evaluate these data accurately, further tests 
covering a number of heats must be made. The tensile prop- 
erties shown by the curves of Figs. 1, 2, and 3 are the results 
of tests made with bar stock. Further intensive work in the 
field of high temperature metallurgy is needed to explain 
properly some of the results observed 

Results of stress-rupture tests on bar stock and buckets 
are given in Table III. To eliminate variables in design, all 
buckets tested were forged to the same configuration 

Forging temperatures for these alloys are listed in Table 
IV; the finishing temperature refers to the finishing tem- 
perature on the dies. Each of these alloys is susceptible to 
grain growth. They must be forged, therefore, under closely 
controlled temperature conditions. It is necessary to main- 
tain a high finish forging temperature on the dies and a low 
solution treating temperature to produce buckets of uni- 
form grain size. 

The nickel-base alloys are more prone to a differential 
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grain growth than are the cobalt-base alloys. Therefore, they 
must be forged within a narrower temperature range. 
Attempts to forge the nickel-base alloys at higher tem- 
peratures have resulted in severe rupturing of the buckets. 
Alloy S-816 can be forged from a higher starting tempera 
ture than the other alloys. This behavior can be explained 
by the test results plotted in Figs. 1 and 3; which show that 
S-816 has the necessary strength and, paradoxically, lacks 
excessive ductility. These characteristics enable this alloy to 
withstand severe deformation at the higher temperatures 


Table I—Composition of 
Four High Temperature Wrought Alloys 


Alloy © | Со 


S-816 0 40| 42 | 


M-252 0.15 


Udimet 500./0.10 


Inco 700 0.10) 


Table II—Heat-Treatments for Forged Buckets 
| 


j Solution Treatment | Aging Treatment 
Alloy j | 4 -e 


Temp, | Time, Temp, | Time, 
F hr Quench F hr 


1 | Water 


Quench 


S-816 1400 | 12 
M-252 : | 15 


Udimet 500 | | i Ss 24 


Inco 700. : 4 


16 | 
| 
| 
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Fig. 3—Effect of temperature on reduc- 
tion of area of four wrought alloys. 
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Table III—Stress-Rupture Test Results 


| 


| Temp, 
F 


S-816.. 

M-252.. 
Udimet 500 
Inco 700 


1500 
1500 
1500 
1500 


| 
| 1500 


М-252. 
Udimet 500 
Inco 700. . 


1500 
1500 
1500 


Udimet 500 
Inco 700... 


1650 
1650 
1650 
1650 
1650 
1650 


M-252.... 
Udimet 500. | 
Inco 700. . | 


psi 


30,000 
30,000 
30,000 
30,000 
ا 
40,000 
40,000 
40,000 
40,000 


20,000 
20,000 





20,000 
20,000 


Stress, | 


Bar Stock 


| Elong, | Reduct, 


Hours| per 


cent 


per 
cent 


22 27 26 


262 29 38 
835 12 11 
| 11 11 


25 
41 
14 


Buckets 


Elong, 


cent 





25,000 
25,000 
25,000 
25,000 











рин 


| Reduct, 
per 
cent 





Engine Bucket Application 


without rupturing. Under the same conditions, the nickel. 
base alloys lose their plasticity and rupture upon the appli- 
cation of external forces. 

The extremely narrow forging range for Udimet 500 is 
necessitated by its high recrystallization temperature and 
the strong tendency to cold work. 

At the high temperatures employed for forging and heat- 
treating, the nickel-base alloys are susceptible to a superficial 
surface intergranular attack of approximately 0.002 in. This 
surface is removed by an electrolytic acid pickle operation. 

In addition the manufacturing grinding operations, to 
which the buckets are subjected, are sometimes severe 
enough to induce cold work. This cold worked surface is 
likewise removed by an electrolytic acid pickle operation. 
If the cold worked layer is not removed, it can result in a 
layer of recrystallized metal when exposed to the engine 
operating temperatures. 

Alloys S-816 and Inco 700 are arc melted in the conven- 
tional manner. Alloys M-252 and Udimet 500 are vacuum 
induction melted. Alloy M-252 has also been vacuum melted 
using the consummable electrode process. 

The trend in bucket alloys is to more complex composi- 
tions that make conventional melting more difficult. Sup- 
pliers of high temperature alloys generally agree that more 
heats are "lost" at melting than at any other point. 

Melting is the most critical point in the manufacture of 
these alloys. Heats that are not properly melted will con- 
tribute to cracking and/or high processing costs in the forg- 
ing of buckets because of the presence of undesirable con- 
stituents. It is expected that vacuum melting of the present 
nickel-base alloys with aluminum and titanium additions 
will result in cleaner and more forgeable alloys with notice- 
able improvement in fatigue, stress-rupture life and ductility. 

Vacuum melting of M-252 has resulted in longer stress- 
rupture life and improved ductility and forgeability. The 
overall properties of vacuum melted M-252 are superior to 
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air melted M-252. To reduce the spread in values of vacuum 
melted M-252, further intensive work is being done with 
the melting technique itself as well as the conversion of 
ingots to bars. 


The major operations in the precision forging of buckets 
are: (1) Abrasive cut slugs from centerless ground bar 
stock; (2) Heat slugs by induction and upset in an upset- 
ting machine to gather enough volume of metal to fill the 
base section of the bucket; (3) Block on a press or ham- 
mer; (4) Finish on a press or hammer; and (5) Heat-treat. 

Studies of buckets forged in the conventional manner 
show that the concave surface of the bucket, being struck by 
the fast moving top die, receives more work than the convex 
surface. This surface is to a great extent anchored in the 
bottom die. 

If the technique of roll forging of bucket alloys can be 
developed, it will be a desirable method to incorporate into 
the forging cycle. Roll forging has the advantage of moving 
the metal in the longitudinal direction and, more important, 
of inducing uniform work on the airfoil section. 

Since there is little lateral movement of metal in rolling, 
this operation reduces the loss of metal in the form of forg- 
ing flash. Thus, considerable savings can be realized. Roll 
forging followed by a hot coining operation on the press or 
hammer should produce superior buckets. 


Table IV—Forging Temperatures for Bucket Alloys 


1600 


1750 


Udimet 500 1900 


Inco 700. 1800 
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Alloys for High 
Temperature Applications 


Service temperatures between 1,200 
and 2,100 F require special metals 
for structural applications. Metals 


grouped by alloy composition. 


MANY DESIGNS REQUIRE METALS that 
have oxidation resistance, high ulti- 
mate strength and corrosion resistance 
at temperatures ranging from 1,200 to 
1,800 F. Metals with these physical 
and mechanical properties generally 
fall into four groups: chromium-nickel 
alloys; chromium alloys; nickel-base 
alloys; and cobalt-base alloys. 

Most of the metals contain substan- 
tial amounts of chromium and nickel. 
Iron is usually a large constituent ex- 
cept where nickel and cobalt are sub- 
stituted. Other constituents include 
tungsten, molybdenum and columbium 
and can be part of the base metal or 
act as hardening agents, depending on 
the amount present. There is also a 
group of elements used in these metals 
that are hardening agents; these in- 
clude carbon, nitrogen, and titanium. 


Chromium-Nickel Alloys 


These are the 18-8 austenitic alloys 
and are widely used because of their 
characteristics of oxidation and corro- 


Ultimate tensile strengths of various 
high temperature alloys at different 
temperatures based on test averages. 


2— 


o 


sion resistance and high strength at 
elevated temperatures. 

Electrical resistance of the chro- 
mium-nickel steels is about six times 
that of ordinary steels, thus they re- 
spond more readily to the various 
welding techniques. However, since 
they expand 50 per cent faster and 
conduct heat only half as fast, special 
care is required to prevent distortion. 
Heat-treating after welding is usually 
not required to develop maximum 
strength. 

Austenitic steels may be hardened 
by cold working but will become 
slightly magnetic. Cold working also 
reduces the steels ductility. Generally, 
these steels are difficult to machine un- 
less sulfur or selenium is added. 

When subjected to temperatures 
above 800 F, carbides are precipitated 
into the grain boundries and lowers 
their resistance to corrosion. Corrosion 
resistance may be restored by heating 
to 1,850-1,900 F and cooling quickly. 
Another method to prevent carbide 
precipitation is by the addition of 
columbium or titanium. 


Chromium Steels 


These steels contain no nickel and 
are either martensitic or ferritic in 
crystalline structure depending upon 


their hardening characteristics. Steels 
containing up to 14 per cent chromium 
harden intensely if cooled rapidly from 
high temperatures and form a marten- 
sitic structure. Heat-treating, however, 
permits a wide range of mechanical 
properties. 

Chromium steels containing from 
17 to 30 per cent chromium do not 
respond to hardening on cooling, re- 
maining essentially ferritic in structure. 
Steels between 14 and 17 per cent 
chromium behave in a manner that 
depends upon the exact chromium and 
carbon contents. 

Corrosion resistance is a function of 
the amount of chromium dissolved in 
the iron. Contents up to 4 per cent do 
not increase corrosion resistance 
Amounts from 4 to 10 per cent im- 
prove resistance to corrosion; and 10 
to 30 per cent are designated when 
maximum corrosion resistance and oxi- 
dation resistance at high temperatures 
are required. 

Steels with chromium contents be- 
tween 5 to 30 per cent are magnetic in 
all conditions. Creep resistance is in- 
ferior to the chromium-nickel group. 
The 17 per cent chromium steels have 
excellent oxidation and corrosion re- 
sistance and may be used up to 1,500 
F. The 25 per cent group is designed 
for severe heat and corrosion applica- 
tions up to 2,000 Fahrenheit. 

The chromium steels are more diffi- 
cult to weld than the chromium-nickel 
types because the welding heat leaves 
them in a brittle condition. Coefficient 
of expansion is about the same as or- 
dinary steel but the electrical resistance 
is higher and the melting point lower 
than ordinary steel. Welding brittle- 
ness is caused by slow cooling from 
around the 1,200 F range and by grain 
growth produced by holding welding 
temperature over 1,650 F. Quick cool- 
ing from above 1,200 F will eliminate 
the first type of embrittlement. Careful 
welding technique will usually mini- 
mize the second type 


Nickel-Base Alloys 


These metals contain between 70-80 
per cent nickel and only a small quan- 
tity of iron. Group includes Inconel, 
Inconel X, Inconel W, and Hastelloy. 
These alloys are for high temperature 
service and offer excellent oxidation 
and corrosion resistance at tempera- 
tures to 2,100 Fahrenheit. 

Inconel is a wrought, nonmagnetic 
nickel base alloy that does not lose its 
toughness or ductility because of inter- 
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Yield strength of various high tempera- nal structural changes even after long 
ture alloys (0.2 per cent offset) at differ- 


exposure to high temperatures. It is 
ent temperatures based on test averages. 


particularly useful for service involv- 
ing high temperature where cyclic 
heating and cooling and large tempera 
ture gradients exist. It may be cold- 
worked, hot-worked or forged without 
difficulty and can be welded and ma 
chined satisfactorily 

Inconel X and W are heat-treatable 
forms of Inconel with superior me 
chanical properties, particularly be 
tween 1,200 and 1,500 F. Stress rup 
ture strength of Inconel X and W are 
í to 6 times and creep strength 6 « 
times greater than Inconel in the 
,200-1,500 F range at 1,000 hr. Above 
1,500 F, Inconel has better resistance 
to oxidation 


Inconel X and W are unusually 
Creep strengths (1 per cent—1,000 hr) at 
different temperatures for various high tem 
perature alloys based on test averages 


strong at both ordinary temperatures 
and red heat and retain their strength 
beyond the drawing temperature for 
steels that are suitable for high tem 
perature use. Special properties may 
— be achieved by heat-treatment 

However, they may be hot and cold- 
worked satisfactorily. Annealing is re 
quired if shapes to be formed are deep 
Machining is satisfactory but more 
difficult than with Inconel. Inconel X 
and W are easily welded by all meth 
ods except gas which requires special 
techniques 

Hastelloy has substantial amounts of 
chromium and molybdenum as alloy 
ing elements. It is exceptionally strong 
and oxidation resistant at high tem 
peratures up to 2,100 F. It can be ma 


chined and welded satisfactorily and 
C] 1200F O E , p 
has fair forming characteristics 


Cobalt-Base Alloys 


Stress rupture strength (1,000 hr) at differ- These steels may contain beside 


ent temperatures for various high tempera- 


ture alloys based on test averages cobalt high amounts of tungsten, 


nickel and chromium. Because these al- 

ıı0,000 : loys are expensive and often present 

i fabrication problems, they are used in 

applications where their exceptional 
90,000 PS properties outweigh other factors 

Haynes Alloy No. 25, has excellent 

Г strength and resistance to oxidation at 

70,000 PA - > A 3 high temperatures. It also exhibits 

| | f good ductility and can be hot- and 

| i Noo / cold-worked with formability compa 

50,000 Wh لا لا‎ f z rable to Type 347 steel 

40,000 i г LII T IIR / Haynes Alloy No. 25 has ап 

| ultimate tensile strength of 155,000 

A | psi and a yield strength of 70,000 psi 

200001 <. aee 4 EA | Stress rupture strength at 1,700 F in 

100 hr is 11,000 psi; at 1,800 F it is 

7,000 psi. It has good oxidation and 

a carburization resistance for service up 

WB isoor to 1,900 Fahrenheit. 
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Fig. 1—Fast particle bombardment of a semi-conductor. Irradiation by slow 
neutrons induce nuclear transmutation and leave impurity atoms in the mate- 
rial. Particle bombardment and neutron effects can be removed by annealing. 
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Fig. 2—Effect of irradiation 
dosage on the hardness proper- 
ties of structural materials. 


Irradiation Effects on METALS 


Effects of nuclear radiations on the 
mechanical and physical properties of metals. 
Some experimental results are given and 


basic effects considered. 


ENGINEERING MATERIALS used in nuclear power reactors 
must withstand stress deformations and high temperatures, 
resist corrosion and erosion and be poor neutron absorbers. 
In addition, they are subjected to high energy neutron and 
gamma radiation. Some materials are also exposed to intense 
beta radiations and high energy fission fragments. 

These radiations can cause changes in the internal struc- 
ture of solids with the result that physical, mechanical and 
chemical properties may be affected. By capturing neutrons, 
elements may be transmuted into new elements. 

Radiation damage is caused by ionization or the result of 
dislocation—displacement of atoms in a solid—by charged 


Bio 


particles passing through a material. The number and mag- 
nitude of the displacements are functions of the intensity 
and duration of irradiation exposure and of the type and 
structure of the solid. 

The following effects on irradiation on solids have been 
noted: decrease in density and ductility; increases in hard- 
ness, tensile strength, yield strength and electrical resistivity; 
changes in dimensions and magnetic susceptibility. 

There is general agreement that organic compounds are 
affected by beta, gamma and neutron absorption and that 
changes are caused by ionization. Metallic solids are good 
electrical conductors and changes are caused by neutron dis- 
placement. 

A large percentage of the data on irradiated metals has 
been gathered at room temperature or other convenient 
temperatures that usually do not coincide with reactor oper- 
ating temperatures. The temperature of irradiation may in- 
fluence the results: (1) because many irradiation effects 
can be annealed by time and temperature, thus the higher 
the temperature the less are the effects of irradiation; and 
(2) because metallurgical reactions that are accelerated by 
irradiation are dependent on the temperature of irradiation. 
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Table I—Resistivity* of Cu; Au Samples 
Before and After Irradiation 


Increose over initial tensile 
strength, IOOO psi 
о 20 40 


NVT 


по 2° ММММ 


20 - 


Ordered Samples Disordered Samples 


Neutron 


Tensile Flux** Before Before After 


property 
Yield 


After 
Moteriol 


4.60 11.20 11 
Ploin 
corbon — 4.60 5 11 11 
Ultimate [IO 


4.60 11.2 11 


4.60 { 11 11 


SS 
o ° iQ W,W\[ 


Yield 
Stoinless 


steels 4.60 11 


* Unit of resistivity: 10-* ohm-cm 


** Unit of flux: 10'* neutrons per sq cm The samples were exposed at 
F 1 f 


various positions in the pile at 40C and the integrated flux per sq cm 





neutrons with energy above 50,000 eV was as shown 


Nickel 


slight. Annealed material having undisturbed or aligned 


Zirconium lattice structure is substantially affected by irradiation 


Fig. 3— Effect of irradiation 
dosage on tensile properties of 
structural materials. 


For example, solution-quenched, precipitation-hardenable 
copper-beryllium alloys can be accelerated aged and ob 
served during irradiation at 840 F. The effect cannot be 
observed at lower irradiation temperatures. Thus, irradiation 
at a low temperature may cause minor metallurgical changes 
but leave a large number of lattice defects unannealed. Irra- 
diation at a higher temperature may anneal the lattice 
defects but cause large metallurgical changes 


General Physical Properties 


These include electrical resistivity, thermal conductivity, 
density and dimensional stability and magnetic suscepti 
bility. 


ELECTRICAL RESISTIVITY: There have been few experi- 
ments conducted at room or elevated temperatures to find 
resistance measurement changes caused by irradiation. One, 
however, tested copper-gold samples in the ordered and dis- 


ordered state at various neutron fluxes. The results are 


shown in Table I. Copper-gold was chosen because this al- 
loy can be permanently brought to a state of order by heat- 
treatment. 

The results of this experiment tend to explain the effects 
of irradiation on cold-rolled and annealed materials. The 
ordered state shows increases of over 100 per cent in elec 
trical resistivity at high neutron exposures while that of the 
disordered state rises only slightly. 

Lattice dislocations and defects produced by cold-working 
are of the disordered state, thus the effect of irradiation is 
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Trace impurities in semi-conductors produce large prop- 
erty changes. When exposed to fast neutrons, electron traps 
are produced with a resultant change in electrical properties 
The acceptor in n-type germanium traps conduction elec- 
trons and lowers the electrical conductivity converting the 
material to p-type germanium. Further fast particle bom 
bardment of the converted p-type material results in positive 
holes and an increase in conductivity. Fig. 1 shows this 
effect of particle bombardment on a semi-conductor 


THERMAL CONDUCTIVITY: It is doubtful that irradiation 
will have any effect upon the thermal conductivity of most 
reactor metals. In the only measurement made to date the 
conductivity of nickel at 1470 F under irradiation did not 
change. Because of the parallel behavior of electrical and 
thermal conductivity at reactor temperatures, the electrical 
resistivity data indicate that no substantial changes should 
occur in the reactor metals presently used 

However, in ionic compounds and ceramics thermal con- 


Table II—Effect of Irradiation on Density 
of Structural Materials 


Average Density, gm /cc 


Average 
Change 
Per Cent 


Before 


Irradiation 


Difference After 


| 
Irradiation 


Material 


Stainless Steel 
316 
317 
347+Ta 
410 


Nickel-Base 

Alloys 

Nickel A 
Monel 


Cobalt-Base 
Alloys 
Stellite 3 
Stellite 6 


Carbon Steel 


SA 212 850 0+0.003 


Radiation Exposure: nvt of 2 X 10? slow and 3.5 10'* fast at 70-140 F 





Normal testing speed 
VSiow testing speed 


irrodioted 


/rradioted 


Normalized 


Austenitic carbon steel 


stainless steel 


Unirrodioted 


Unirradiated 


Irradiated 


High purity iron 


a О | 2 3 4 


Extension, per cent 


Fig. 4—Comparison of char- 
acteristic, conventional stress 
strain curves for irradiated and 
unirradiated alloys. 


ductivity may cause property changes. These materials are 
low in electrical conductivity and are good insulators. In 
any good insulator the ionization effect is given up in heat- 
ing the material. Electrons liberated by ionization may be 
trapped at lattice imperfections. Thermal conductivity is 
decreased and large thermal stresses are formed. Decreases 
in Young's modulus and in the breaking strength because 
of weakening of the crystal lattice have been reported 


DENSITY AND DIMENSIONAL STABILITY: Changes for most 
metals have been in the range of experimental error espe- 
cially for the pure metals and simpler alloys. Density 
changes for structural materials have been observed and are 
shown in Table II. The change is about 0.1 per cent 


Substantial density changes have been observed in mate- 
rials with other than metallic binding. The density of dia- 
monds has been changed by several per cent. Titanium car- 
bide, tungsten carbide and tantalum carbide show density 
decreases from 0.3 to 0.6 per cent. 


General Mechanical Properties 


In general, radiation exposure produces an increase in the 
hardness and the strength and a decrease in the ductility of 
metals. The changes are similar to those produced by cold 
work. However, cold work by plastic deformation involves 
the motion and multiplications of dislocations; irradiation 
does not disturb the material lattice 


STRENGTH AND HARDNESS: The extent of hardness and 
strength increases in a number of metals is shown in Table 
III. The effect of irradiation on hardness is shown in Fig. 2; 
in Fig. 3 the increase of ultimate and tensile strength caused 
by radiation is shown. Nickel and nickel base alloys are 
used in several types of reactors. The changes in hardness 
of this metal and its alloys, as affected by irradiation, is 
also considerable, as shown in Table IV. 

The amount of radiation effects in a particular metal de- 
pends on whether or not the metal anneals rapidly at room 
temperature. If it does no results of radiation damage should 
be seen. If the metal does not anneal at room temperature, 
radiation effects comparable to cold working will be formed, 
but will anneal out at elevated temperatures 

The manner in which plastic deformation begins in irra- 
diated metals is unusual. Mild steels that normally show a 
yield point at the onset of plastic deformation do not gen- 
erally show a yield point after irradiation. Instead, con- 
tinuous yielding is followed by a region of low work 
hardening, a point of inflection, and an increase in harden- 
ing followed by the usual decrease in work hardening up to 
the maximum load. Face centered cubic metals acquire a 
yield point after irradiation if the strain rate is sufficiently 
high. At the lower strain rates the stress strain curve assumes 
the same shape as for irradiated mild steel. Fig. 4 shows this 
behavior graphically. 

This yield point phenomenon has been observed in 
austenitic stainless steel, 1100 aluminum, nickel and copper. 


DucriLITY AND TOUGHNESS: The reduction of area and 
the elongation measured from tensile test specimens are 
usually reduced in irradiated metals. In some pure metals 
and in a few alloys, elongation may increase. 


Table III—Before and After Irradiation Values of Various Alloys 


Rockwell 
Hardness 


Pre 


| 


Post 


1100-H14 Aluminum 8F | 


" | 
1100-0 Aluminum | ә 


40F | 
High Purity Iron 

Normalized Carbon Steel 

Hardened and Tempered Alloy Steel 


Austenitic Stainless Steel 


B 


Pre 
,000 


,000 


53,000 


,000 | 


Yield 
Strength 


Tensile 
Strength 


Ratio: Yield Strength 
Tensile Strength 


Post Pre Post Post 


23,000 ,000 ,000 


,000 


17,000 ,300 


| 
| 


000 31,000 ,000 ‚000 


000 93,000 ,000 ,000 


196,000 ‚000 198,000 93 


97,000 ‚000 | 115,000 0.38 
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Table IV—Effect of Irradiation on Hardness of Nickel 


Brinell Hardness 


Radiation * converted 


E xposur« 
nvt 


Material Condition 


Before After 


Nickel A Annealed 137 


Cast 
Cast 
Wrought 
Wrought 
Wrought 


Hastelloy 
Hastelloy 
Hastelloy 
Hastelloy 
Hastelloy 


Monel 
Monel 


K-Monel 
K-Monel 
K-Monel 
K-Monel 


Annealed 
Annealed 


As-received 
As-received 
Annealed ) 148 
Hardened 341 


As-received 1 175 
As-received 180 


Inconel 


Inconel 


Inconel-X 
Inconel-X 


Annealed 
Annealed 219 


209 


Calculated nvt of 1 X 10 
Calculated nvt of 4 X 10 
Calculated nvt of 5 X 10 
Calculated nvt of 4 X 10 
Calculated nvt of 3 X 10 


!slow. Exposure in 400-500 F flowing water 
! slow and 5 X 10" fast 

fast at 70-140 F 

slow. Exposure in 540 F running water 


! slow and 4 X 10"? 


! slow. Exposure in 540 F running water 


Table V—Effect of Irradiation on 
Ductility of Various Alloys 


Con 
ventionai 
Elongation 
Per Cent 


Elongation 
up to 
Max. Load 
Per Cent 


Reduction 
of Arca 
Per Cent 


Before, After | Before| After | Before| After 


1100 Aluminum 38 21* 
1100-H14 Aluminum 20 81 
Normalized Carbon Steel ў 65 
Austenitic St. Steel 

QMV Beryllium 

35C Aluminum 


Molybdenum 


* Sheet specimens. 


Metals with low initial ductility have greater reductions 
than materials of generally high ductility. Increased ductility, 
after irradiation, has been noted in two cold worked alumi- 
num alloys, 5154 and 5052-H34, and in two age hardenable 
nickel alloys, Hastelloy-C and K Monel irradiated at 540 F 

Normalized carbon steels of the type used for pressure 
vessel construction have high ductility loss after irradiation 
Molybdenum alloys are similar, but high purity iron has 
only a slight decrease in ductility after irradiation 

The austenitic stainless steels, the tougher base nickel 
alloys and a number of non-age hardenable aluminum alloys 
lose small amounts of ductility after irradiation. There are 
examples, however, of aluminum base, 356, and nickel base, 
K Monel, alloys that are low in initial ductility that have 
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lost substantial amounts of ductility after irradiation. Table 


V shows some typical ductility values 
When ductile 


and ultimate strength is accompanied by a decrease in duc 


metals are irradiated an increase in yield 


tility. If two reasonably ductile annealed metals are at the 
same yield stress level, one by cold working, the other by 
irradiation, elongation and reduction of area are greater for 
the strength may be 


but the ultimate 


greater or less depending upon the material 


irradiated metal, 


CREEP 
copper 


Tests on the effect of irradiation on creep rate for 


and aluminum indicate little change. Tests on 
austenitic stainless steel show that the radiation effects are 
a function of temperature and presumably of the stress level 
Decreases in creep rate, by a factor of two, were noted at 
1,200 F under irradiation, but at higher temperatures, with 
the same stress level, and thus a higher creep rate, irradia 
tion had a lesser effect. Slight increases have been observed 
at 1,500 Fahrenheit 

Stress-relaxation tests conducted at high stresses and low 
temperatures, show that radiation increased the rate of stress 
relaxation. The presence of the defects that cause increased 
yield and tensile strength should slow creep at lower tem 
peratures where deformation takes place in a similar man 


ner to low temperature plastic deformation 


Radiation Effect in Other Metals 


There are several metals of interest besides the austeniti 
steels, high carbon steels, carbon steels and nickel steels 
These include beryllium, titanium and zirconium alloys 

Beryllium, although not a structural material, is an excel 
lent moderator and will be required to operate in the higl 
est flux regions of the reactor. Thermal stresses may be of 
sufficient magnitude to require some plasticity in this metal 
of normally low ductility. The yield strength after irradia 
tion has been increased from 24,000 to 50,000 psi; the 
tensile increased from 35,000 to 50,000 psi; and the elon 
gation, initially 1.4 per cent, decreased to 0.2 per cent 

Titanium, although of high neutron cross section, has 
Notch tests on Ti-75A 


after irradiation has shown no deleterious radiation effects 


high corrosion resistance impact 

Zirconium alloys, combining good corrosion resistance 
and low neutron cross section, are being actively developed 
available to assess the notch 


Insufficient data are impact 


properties. Yield and tensile strengths are increased after 


irradiation, but initial strength values are low 
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ANNEALED HALF-HARD 


Maximum bending stress + 1000 psi 


8 METALS AND ALLOYS 


EXTRA-HARD SPRING EXTRA-SPRING 


Tin, per cent 


Nominal phosphorus content: 


From: ASTM paper* 


[7 0.05*, |. DEDNUA 


-Effect of phosphorus on bending fatigue 


bronze alloy strips 


Fig. | 
strength of some phosphor 


Fatigue Properties of 
Wrought Phosphor Bronze Alloys 


Data are presented indicating the effect of tin 
and phosphorus contents and the effect of grain 
size on bronze strip. Limits set up by ASTM 


B103-51 for tin content should be narrowed. 


G. R. GOHN * J. P. GUERARD 


Bell Telephone Laboratories 


H. S. FREYNIK 


Riverside Metal Co. Division, H. K. Porter Co., Inc 


ASTM in Atl 
The full text appears as a section in the 
nical Publication (STP-138) entitled “The Mechanic 
of Wrought Phosphor Bronze Alloys’ and published by the ASTM 
in February, 1956 


This paper was presented betore the 
July, 1955 


al Propertie S 


Product Engineering — Mid-October, 1956 


ALTHOUGH INFORMATION IS AVAILABLE 

of phosphor bronze alloys in various forms 

lata represent limits that include as one alloy 
alloys of different physical and mechanica 

For example, ASTM Specification. B10 

the following tin content: A 

B, 4.0-5.5 per cent; Bl 

ind D, 9.0-1 


because it 


alloys having 
Ө рег cent; ( ДИР, | 

Alloy BI differs from allo: 

contains lead as an added 

Whether or not 

alloys (A, B, B1) represent 

1 


determined 


10 per í 
element rathe 
Ї 


impurity the straddle compositions ‹ 


1 


first three good engineer 


information cannot be from present 
wrought phosp 


effects of 


Therefore, an investigation of the 


bronzes has been made to determine: the 


tions in the tin and ph ontents, Іп COld-W 
ind in mechanical properties of 


obtain the necessary data to permit the 


grain Size 
alloys ind to 
lishment of more realistic specification limits for 


Investigated were cold-rolled strip alloys containin 


B17 





per cent or less of tin. Phosphorus contents of the alloys 
were adjusted to represent a value near the present mini- 
mum and maximum operating limits. Table I indicates the 
compositions of the various alloys. 

The data obtained in evaluating the effects of variations 
in composition and processing on bending fatigue of 
wrought phosphor bronze strip are summarized in Table II 
for alloys having a nominal phosphorus content of 0.05 
per cent. Data for the high phosphorus content of 0.40 per 
cent combined with 3, 4 and 5 per cent tin are shown in 
Table III and the fatigue strengths at various tempers are 
compared with the same alloys containing 0.05 per cent 
phosphorus 


Discussion of Data 


Ready-to-Finish 0.035 mm Grain Size Material: The 
fatigue strength of electrolytic tough pitch copper—the 
at 108 cycles of reversed stress increases 
from a minimum of 10,700 psi for the annealed temper to 
a maximum of 16,000 psi for the hard temper and then 
decreases with additional amounts of cold-working. The 
addition of tin to the copper results in an increase in fatigue 
strength for all tempers. The increase approximates 250 
per cent for tin additions of 5 per cent or more in the an- 
nealed temper; in the three harder rolled tempers the same 
percentage increase in fatigue strength is obtained with 
lesser amounts of tin. Optimum fatigue properties are 
obtained with the addition of 5 per cent tin. 


basis material 


For tin additions ranging from V^ to 3 per cent, increas- 
ing amounts of cold-working improve the fatigue strength 


Table I—Chemical Composition 


Alloy Tin 


per cent | 


Lead 


per cent 


| Phosphorus Iron 


per cent per cent 
42 | 04 <0.01 
‚95 06 20.01 
07 7 | 0.01 
96 0.07 | 01 
0.07 01 
20 07 01 
12 0.05 <0.01 
11 0.04 <0.01 
2.81 39 01 
7 “0.01 
01 


of the alloy; for tin additions of 3, 4 and 5 per cent, cold- 
working in excess of 37.4 per cent (hard temper) has little 
effect on the fatigue properties. Cold-working of the 8 and 
10 per cent tin alloys in excess of 20.7 per cent (half-hard 
temper) appears to have no beneficial effect 


Read y-to-Finisb 0.015 mm Grain Size Material: The 
smaller grain size has little effect upon the ETP copper 
except that the peak fatigue strength is reached after a 


Table II—Summary of Bending Fatigue Studies On Wrought Phosphor Bronze Strip 


Nominal Phosphorus Content — 0.05 Per Cent 
Nominal Thickness — 0.040 Inch 


Nominal 
Ready-to-Finish 


Grain Size, mm Annealed Half-Hard 


0.035* 10,700 11,400 


0.015 11,900 14,800 


035 13,400 7,100 
015 18,500 5.800 


035 16,200 3.400 
015 ,800 5,000 


035 800 ‚800 
015 ‚600 ‚300 


035 500 000 
015 ,000 ,100 


035 500 ,000 
015** 000 35,200 


035 ,900 30,100 
015 31,000 32,900 


035 ,900 31,000 
015 30,800 | 31,600 


035 ,000 29,400 
0.015 31,800 31,500 


NOTES 


Bis 


*Actual grain size 0.030 mm. 


**Actual grain size 0.010 mm. 


Fatigue Strength at 10* Cycles of Reversed Stress, psi at Tempers 


Hard Extra-Hard | Spring Extra-Spring 


16,000 13,100 
14,700 12,700 


12,000 12,700 
12,600 | 12,800 


19,700 21,900 
27,600 27,900 


24,500 ,700 
27,800 ,300 


26,100 24,200 
27,300 27.600 


28,400 ,800 
29,400 ,300 


26,500 28,400 
28,700 28,900 


29,700 32,000 
30,500 31,200 


29,000 30,500 
28,200 32,700 


30,500 | 31,600 
32,200 32,200 


31,000 | 31,000 
35,400 | 35,800 


31,000 | < 000 
34,200 | 33,300 


33,000 | 32,000 
32,400 29,700 


33,400 32,000 
31,800 32,100 


32,000 ,800 
31,300 | 30,500 


33,000 
30,500 


30,500 
31,400 


500 29,000 
,000 30,000 


30,400 
30,000 


29,300 
29,300 


***No phosphorus, ETP copper. 
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B METALS AND ALLOYS 


Table 111—tttect of High Phosphorus on the Be nding Fatigue Strength of Phosphor Bronze Strip 


Nominal Nominal 

Phosphorus Tin { nal Fati 
Content, Content, 
per cent per cent 


Desig- 
nation 


Annealed 


4-035 5 } 35 500 
14-035 j : 000 
015 5 ` 3 3.000 


035 
-035 
015 


035 5 : 24.900 
035 25.700 


015 5 5 31,000 


*Actual grain size 0.010 mm 


lesser amount of cold-working as shown in Table II, Sum 
mary of Bending Fatigue Studies on Wrought Phosphor 
Bronze Strip. Optimum fatigue properties occur in the 
half-hard temper and the fatigue strength decreases with 
additional amounts of cold-working. As before, an increase 
in the tin marked 
fatigue strength. This improvement approaches 300 per 


content results in a improvement in 
cent for the harder tempers in the 4 per cent tin alloy. For 
most of the other alloys, the improvement is approximately 
250 per cent, except in the annealed tempers where the 
improvement is greater 

Optimum fatigue properties are obtained in the 4 per 
cent rather than in the 5 per cent tin alloy. Nothing appears 
to be gained from a fatigue standpoint by adding more tin, 
except in the annealed temper where the addition of 5 per 
cent of tin appears to be justified. As before, cold-working 
improves the fatigue strength although there is little advan- 
tage to be gained from cold-rolling the material more than 
37.4 per cent (hard temper) 
tin alloy the fatigue strengths of the rolled tempers are less 


In fact, in the 10 per cent 
than that of the annealed temper as shown in Table II for 
the 0.015 mm grain size material 


Higb Pbospborus Alloys: The fatigue data summarized 
in Table III show that when the phosphorus content is in 
creased from 0.05 to 0.40 per cent, there is a marked im 
provement in the fatigue strength of the 3 and 4 per cent 
tin alloys. Slight improvement in the 5 per cent tin alloy is 
observed except for the annealed and half-hard tempers 
The high phosphorus, 3 per cent tin bronze, for example, 
finished to size after a 0.035 mm ready-to-finish grain size 
anneal has better fatigue strengths at 105 cycles of reversed 
bending than does corresponding tempers of the low phos 
phorus 4 per cent tin bronze, finished after the same ready- 
to-finish anneal. The same observation appears to apply to 
the high phosphorus 4 per cent tin bronze; as compared to 
the low phosphorus 5 per cent tin bronze in the 0.035 mm 
ready-to-finish grain sizes. The effect of high phosphorus is 
more marked in the annealed and half-hard tempers and is 
slight in the harder tempers. However, an increase in phos- 
phorus content is not as effective as a decrease in grain size 
in improving fatigue strength, except 
tin alloy as shown in Table III, above. 


for the 3 per cent 
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igu 


Strength in psi at 10° Cycles of Reversed Stress at Tempers 
Half 


Hard 


Extra 
Spring 


Extra 


Hard Hard Spring 


000 29,000 30.500 7 500 d 000 
800 . À 31,600 2 800 800 


100 Р 32,700 3 200 2 200 


000 31,000 i 000 4 000 
700 31,800 33,000 d 800 
200 33.300 35.400 35,800 


000 000 33.400 1 000 
.800 32,700 400 d 700 
400 700 Я 800 3 100 


Conclusions 


The fatigue properties of the tin phosphor bronzes are 
greatly superior to those of the basis material, electrolytic 


tough pitch copper 


) 


Additions of tin as low as 14 per cent will double th« 


fatigue strength of the harder tempers and markedly im 
prove the fatigue strength of the annealed, half hard and 
hard tempers 

) Optimum fatigue properties for any temper of phos 
phor bronze cold-rolled after a 0.035 mm ready-to-finish 
grain size anneal are obtained with the addition of 5 per 
cent ot tin 


)15 


í. When the ready-to-finish grain size is reduced to 0.( 
mm, optimum fatigue properties are obtained with the ad 
dition of only 4 per cent of tin, except in the annealed 
temper, where the 5 per cent tin seems to be beneficial 

5. There appears to be no justification from a fatigue 
standpoint for adding more than 5 per cent of tin 

6. When the tin content is 5 per cent or more, fatigue 
properties are not improved by cold-rolling, provided the 


grain size is small 


7. For tin contents of 3 per cent or less, no significant 
improvement in fatigue strengths is obtained by cold-rolling 
the various alloys more than 50.0 per cent (extra-hard 
temper ) 

8. For tin contents of 4 per cent of more, no significant 
improvement in fatigue strength is obtained by cold-rolling 


the various alloys.more than 37.4 per cent (hard temper ) 


9. In the 3, 4 and 5 per cent tin alloys increasing the 
phosphorus content from 0.05 to 0.40 per cent improves 
the fatigue strength of all tempers 

10. The effect of an increase in phosphorus content on 
fatigue is most pronounced for the annealed tempers of the 
three alloys studied and on the rolled tempers of the 3 per 
cent tin alloys 

11. It would appear from a study of the fatigue proper 
ties that alloys containing 3, 4 and 5 per cent tin have dis 
tinctly different characteristics. The composition limits for 
tin, therefore, should be set on a somewhat narrower bas 
than that now used in ASTM Specification B103 which 
allows a range of 3.5 to 5.8 per cent in the specified tin 
content for the A alloy 
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Temperoture, F 


0.5 1.0 .5 2.0 
Boron, percent 
Fig. 1—Influence of boron on the 


temperature of initial solidification 
of S-816 alloy. 


From: ASTM paper 


W. E. BLATZ 
Research Metallurgist 
E. REYNOLDS 
Supervising Metallurgist 
W. W. DYRKACZ 
Associate Director of Research 


Allegheny Ludlum Steel Corporation 


COBALT-BASE ALLOYS, in both wrought 


and cast forms, have found service 


mainly in the Mhigher-temperature, 
higher-stressed components such as gas 
turbine buckets. These alloys generally 
contain chromium and nickel along 
with strengthening metals such as 
molybdenum, tungsten, and niobium 
One such alloy is S-816, it is used in 
the wrought and heat-treated condition 

In an investigation of the effect of 
boron on alloys of the S-816 type, cast 
cobalt-base alloys were developed hav 
ing stress-rupture properties at 1650 F 
equivalent to those of wrought S-816 
alloy at 1500 F 
study of boron modified S-816 are 

1. Boron 


ability of 


Other results of this 


adversely affects forge 


this type alloy. Materials 
containing boron higher than about 
0.15 per cent are unforgeable 

2. Cast modifications at lower boron 
levels have higher rupture strengths 
at 1600 F than that possessed by the 
wrought modifications 


4. Boron 
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additions to cast S-816 





Wrought 


0 
0 002 


0.06 0.10 
Boron, percent 


0.14 


Fig. 2—Effect of boron on rupture 
life at 1600 F of wrought and cast 
S-816 alloy. 


Fig. 3—100 hour rupture strength 
at four temperatures of cast S-816 ' 1.0 


boron-modified alloys. 


markedly improve rupture strength up 
about 1] 
boron, above which rupture strength 


to an optimum at per ceat 
gradually decreases. 

This optimum alloy has rupture 
strengths at about 1650 equivalent to 
1500 F 


These alloys have good rupture duc- 


those of wrought S-816 at 


tility 

f. Boron modifications of S-816 in 
vestigated in this study have excellent 
castability, which coupled with good 
boron recoveries during melting indi 
cate that quality control on a produc 
tion basis is feasible 

The composition of the base alloy 


used in the investigation was 


PER 
CENT 


PER 
CENT 
0.40 Cobalt balance 
1.2 Molybdenum 4 
Tungsten í 
Niobium and 
Tantalum 
Iron 


ELEMENT ELEMENT 
Carbon 
Manganese 
Silicon 0.40 
Chromium 20 


Nickel 20 


Initial work was on both wrought 


and cast alloys with boron additions 


up to 0.2 per cent. Later work was 
entirely on cast alloys with boron ad- 
ditions up to 3 per cent. 

Virgin materials were melted in an 
induction 


furnace as 17 lb heats in 


magnesia crucibles Pouring tempera- 


15,000 


10,000 


Boron, percent 


Boron-Modified Cobalt-Base 


tures were controlled at about 2700 F 
A calcium-silicon-manganese deoxidant 
was used with additions being made 
just prior to charging chromium and 
again just before pouring. Boron was 
added as a nickel-boron alloy 

Rupture test specimens were preci 
sion cast by the investment method, in 
which six wax specimen patterns were 
assembled on a sprue. The molds were 
heated prior to casting to 1600 F at a 
rate of 200 deg F per hr. The castings 
were cooled in air to room temperature 
prior to shake out. Sand-blasted speci 
mens were visually inspected for cast 
ing defects, and the threads were recut 
with a steel die 

Boron recoveries were around 90 
per cent of that charged. The excellent 
castability of the alloys improved as 
boron increased and appeared to be 
tempera 
ture of the alloys, which as shown in 


related to the solidification 
Fig. 1 decreased with boron additions 

Rupture testing procedure was in 
accordance with ASTM Tentative Rec- 
ommended Practice E85. Rupture test 
specimens were 0.250 in. dia with a 2 
in. reduced section. Testing was at 
1500; 1600; and 1700 F with limited 
tests at 1800 F on the highest strength 
alloys. Testing times ranged from 10 
to 1000 hours. Larson-Miller param- 
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IS 20 25 30 35 


Stress, psi 


Temperature, F 





ئ — 


о " ت‎ + 
О 0.5 10 1.5 2.0 25 3.0 3.5 
Boron, percent 


i—1000 hour rupture strength 
5-816 


Fig. 
at four temperatures of 
boron-modified alloys 


S-816 Alloy 


used to establish the 


cast 


eter Curves were 


rupture strengths from the test data 


Low Boron Additions 


In initial studies, heats of S-816 with 
boron added in amounts up to 0.2 per 
cent were cast as ingots and forged. In 
spite of numerous efforts using varying 
forging temperatures and techniques 
it was impossible to satisfactorily forge 
alloys containing more than about 0.15 
per cent boron 

Boron improved rupture properties 
of the wrought alloy as shown n Fig 
) 


Maximum was at 


improvement 
about 0.06 per cent boron. One heat 
had a 1600 F rupture life of twice that 
of the alloy containing no boron 

Cast alloys at these low boron levels 
had longer rupture lives than similar 


wrought alloys as shown in Fig. 2. As 


Stress, ps 








IO 15 20 2.5 3.0 35 
Boron, percent 


compared with the 200 hr optimum 
shown in Fig. 2, later studies indicated 


that alloys with higher boron had rup 
1600 I 


1000 hours 


and 20.000 psi of 


ture lives at 


more than 


High Boron Additions 


Investigation of alloys containing up 
to 3 per cent boron showed that th« 
rupture strength increased rapidly up 
to about 1 per cent boron, with a grad 
ual decrease at higher boron levels 

Rupture strengths, as influenced by 
boron, are shown in Figs. 3 and 4. The 
optimum boron level is around 1 per 
S-816 alloy. At 1600 I 
100 hr 


cent for cast 


the improvement in rupture 


strength was from 20,000 to 30,000 
psi, and in the 1000 hr rupture strength 
15,000 to 20,000 Above 1 
1 


ргаа 


from psi 


per cent boron there was a ual de 
crease in strength 
Alloys resulting from this study have 


rupture strengths in the range 162 
1660 F that are equivalent to tha 


Table I—100 Hour Rupture Properties of S-816 and Boron-Modified S-816 


Strength 
psi 


1500 1600 
F F 


25,000 | 15,500 


S-816 Wrought* 


^ s-cast 27,000 | 19,500 


S-816 


S-816 plus 


l per cent boron 12,000 | 30,590 


As-cast 


*Treatment of wrought S-816: 2150 F, 1 hr 
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water quench 


Elongation 


1700 


F 


1500 1600 


10,000 


14,000 


21,000 


plus 1400 F, 16 t 
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45,000 


40,000 
Cast S-8/6 + / percent 8 

35000 

I 


30,000 } 
| Cast X4Q 


25,000 | 


20,000 | 


Wrought S-8/6 


Cast S-8/6 





1600 


Temperature, deg F 


Fig. 6—Effect of 
erage 100 hr rupture strength of sev 


temperature On ay 
eral high-temperature alloys 


Temperatures at which boron 
S-816 100 hr 


Fig. 5 
modifications of have 
rupture strengths equivalent to that 


of wrought S-816 at 1500 I 


1 


standard wrought S-816 alloy at 

F. This improvement, Fig was rt 
ized with the use of boron only 
In Fig. 6, the 


cast 8-816 containing 


rupture properties of 
per cent boror 
are compared with those of wrought 
S-816, of cast S-816, and of cast X-40 


data are given 11 


stress-rupture 
Table 1. The Larson and Miller param 


Fig 


10 heats 


shown in presents 


eter Curve 


rupture test results on 


REFERENCE 


Influence ot Bor 
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Fig. 7—Larson and 
curve of rupture 


3-816 plus 1 per cent boron. 
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From: Magnesium Association paper 


Parting line-~ 


Fig. 1—Magnesium castings in plaster molds and dimensions that bear tolerances that should be considered in design. 


Magnesium Plaster Mold Castings 


E. J. WILLIS 


Development Div., Aluminum Co. of America 


USE OF 
made 


PLASTER which are 


essentially of partially 


MOLDS, 
dehy- 
drated gypsum and water, in magne- 
sium foundries is relatively new. The 
data reported are therefore limited 

A variety of parts can be success 
fully cast using this process ranging 
from an ounce to more than 100 Ib in 
weight. In size, these castings range 
from one inch to more than three feet 
in their maximum dimension 

Experience in casting magnesium in 
plaster molds indicates that all stand- 
ard magnesium alloys that can be sand- 
cast can be cast equally well in plaster 
molds 

Plaster mold castings cost more than 
green sand castings. The plaster proc- 
ess. however, has several specific ad- 
vantages. These include the ability to 
produce detailed lettering and mark 
ings, local smoothness for air flow or 
oil flow, and close dimensional toler- 
ances that reduce machining and hand 
work in finishing 

The chief advantage obtained with 
plaster molds is the production of 
magnesium much 
smoother surfaces than those of sand- 
parts. 
techniques are employed, the surface 


castings having 


cast Unless special finishing 
finish of sand-cast parts varies from 
piece to piece; in general, the surface 
finish is 500 to 800 microinches 
With plaster as the mold material, 


surface finishes of about 100 micro- 
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inches are not unusual. At present, 
finishes as fine as 50 or 60 micro-inches 
can be obtained in some areas of cast- 
ings. Special care, however, must be 
such finishes; if 


exercised to obtain 


they are required, they should be indi- 


cated on the drawing of the part 


DIMENSIONAL ‘TOLERANCES. Two 
typical cross sections of magnesium 
castings in plaster molds are shown in 
Fig. 1; also, the necessary parting lines. 

Dimensions, such as A, taken across 
a mold parting line should have a toler- 
+0.010 in. for the first inch or 


less of length plus an additional 0.001 


ance of 


in. for each additional inch of length. 

Dimensions, such as B, that are com- 
mold 
0.005 in. 
for the first inch or less plus an addi- 
0.001 in. for 
inch of length. 


pletely in any one part of a 


should have a tolerance of 


tional each additional 

Dimensions, such as C, that are be- 
tween a core surface and a mold sur- 
face should have a tolerance of +0.010 
in. for one inch or less plus 0.001 in. 
for each additional inch. 

The length D of a core supported at 
one end should not be more than about 
5 times the diameter of the core. When 
supported at both ends, small diameter 
cores should have a length not more 
than ten times their diameter. About 
l4 in. is the minimum diameter for 
cores, 

Zero draft is permissible at many 
local areas in magnesium castings pro- 


duced in plaster molds with plaster 
cores. As a general rule, however, a 
2 deg draft is desirable. 

Thickness of section, such as T in 
Fig. 1, should not be less than V$ in 
Where no linear dimension of a sur- 
face area is greater than about 6 in., 
section thicknesses as small as %44 in 
tolerated. In some castings 
where smaller areas can be fed easily 


can be 


by thicker sections, walls having a 
thickness of ¢ in. can be produced. 
MECHANICAL PROPERTIES. Most of 
the magnesium plaster mold castings 
so far produced have had relatively 
thin sections, sometimes with special 
dimensional tolerances and special sur- 
face conditions. The mechanical prop- 
erties surveyed, therefore, are limited 

Test results with 14 in. dia bars in- 
dicate the yield strength to be the same 
as that of sand-cast AMA 263-T6 (19,- 
000 psi), but tensile strength and 
elongation are slightly less 
plaster-cast. In thinner sections, the 


when 
difference is less 


PLASTER WITH OTHER MOLD MATE- 
RIALS. Current developments indicate 
that plaster will be used in conjunction 
with the sand-cast processes and also 
with permanent mold castings. If so, 
the expected advantages will be: Thin- 
improved mechanical 
properties; smaller dimensional toler- 
smaller radii of internal and 
external fillets; and sharp corners. 


ner sections; 


ances; 
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From: The Magnesium Association 


3 METALS AND ALLOYS 


Nomenclature 


for Magnesium Base Alloys 


Alloy nomenclature is covered by 


ASTM Specification B275-53T, 


Codification of Light Metals and 


Alloys, Cast and Wrought, and 


temper designation by ASTM 


Specification B296-54T, Temper 


Designation of Light Metals and 


Alloys, Cast and Wrought. Alloy 


nomenclature, which is based on 


chemical compositions is de- 


termined by the following rules 


in ASTM B275-53T. 


Table I—Letters Representing 


Alloy Elements 


A—Aluminum 
B—Bismuth 
C—Copper 
D—Cadmium 
E—Rare Earths 
F—Iron 
G—Magnesium 
H—Thorium 
K—Zirconium 
L—Beryllium 


M—Manganese 
N—Nickel 
P—Lead 
Q—Silver 
R—Chromium 
S—Silicon 
T—Tin 
Y—Antimony 
Z—Zinc 
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ALLOYS. Designations for alloys consist of not more than two letters repr« 
senting the alloying elements specified in the greatest amount, and arranged 
in order of decreasing percentages or in alphabetical order if the alloying 
elements are of equal percentages. Letters are followed by the respective 
percentages rounded off to whole numbers and a serial letter. Table I lists 
the letters and the representing alloying elements they represent 

| | 


An alloying element is defined as an element other than the base metal 


having a minimum content greater than zero and that is either directly 
specified or computed in accordance with the percentages specified 
other elements. The amount present is the mean of a range or 

mum percentage before rounding off the number 

The serial letter following the percentage is assigned in alpl 
sequence and serves to differentiate otherwise identical designat 
serial letter is required to complete each designation. 

Designation of a casting alloy in ingot form is derived from the compi 
sition specified for the corresponding alloy in the form of a casting. Thus 
a casting ingot designation may consist of an alloy designation having one 
or more serial letters, one for each product composition, or it may consist 
of one or more alloy designations. 

Designations for unalloyed metals consist of a minimum purity, all digits 
retained but dropping the decimal point, followed by a serial letter. For 
alloyed and unalloyed compositions the full name of the base metal pre 
cedes the designation, but is omitted for brevity, when the base metal is 


obvious 


TEMPER. Designations for the tempers are based on the sequence of basic 
treatments used to produce the temper. The designation used for all metal 
forms except ingots, follows and is separated from the alloy designation by 
a dash. Table II lists the temper designations 

Basic temper designations consist of letters. Subdivisions are indicated 
by one or more digits following the letter. These digit designate a specific 
sequence of basic treatments, but only those operations that significantly 
influence the characteristics are indicated. Other variations of the same 
sequence of basic operations that result in different characteristics require 
an additional digit to be added to the designation 

Numbers following the -H1, -H2, and -H3 tempers indicate the final 
degree of strain-hardening. Numeral 8 is the full hard condition. A mate- 
rial having a tensile strength about midway between that of the fully an 
nealed material, 0, and full hard, 8, is indicated by a numeral 4. Although 
8 is considered the full hard temper, a slightly harder temper, designated 
by the numeral 9, is produced for special applications 

The numerals 2 through 10 following the -T condition indicate a sta 
ard type of heat-treatment. When required, the numerals 11 through 
may be used for other types of treatment. Any variation of the standard 
treatment, resulting in significantly different characteristics, are indicated 
by adding one or more digits to the treatment designation. No attempt is 
made to have these indicate any specific set of conditions. 

(Continued on page B24) 
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Table II — Temper Designations 


W.. 
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. As Fabricated. Applies to products that acquire 


some temper qualities in the shaping processes but 
are not subsequently thermally treated or inten 
tionally strain-hardened 


. Annealed Recrystallized (Wrought Products 


Only). Applies to the softest temper of wrought 
alloy products 


. Strain-Hardened. Applies to those products that 


have their strength increased by strain-hardening 
with or without supplementary thermal treatments 
to produce partial softening. The H is always 
followed by two or more digits. The first digit in 
dicates the specific combination of basic operations, 
and the following digit or digits the final degree 


of strain-hardening 


H1...Strain-Hardened Only. The number 
following this designation indicates the 


degree of strain-hardening 


—H2...Strain-Hardened and Then Partial 
Annealed. The number following this 
designation indicates the degree of strain- 

hardening remaining after the. product 

has been partial annealed. For alloys that 
age-soften at room temperature, thc 

H2 tempers have approximately the 
same tensile strength as the correspond 
ing H3 tempers and slightly higher 
elongations. For other alloys, the H2 
tempers have approximately the same 
tensile strengths as the corresponding 

H1 tempers and slightly higher elon- 
gations 


. Strain-Hardened and Then Stabilized. 
The number following this designation 
indicates the degree of strain-hardening 
remaining after the product has been 
strain-hardened a specific amount and 
then stabilized. This designation applies 
only to those alloys which, unless stabi 


lized, age-soften at room temperature 


. Solution Heat-Treated. This is an unstable tem 


per. It is applicable only to those alloys which 
spontaneously age at room temperature after solu 
tion heat-treatment. This designation is specific 
only when the period of natural aging is indicated 


. Treated to Produce Stable Tempers Other 


Than —F, —O, or —H. This designation applies 
to products thermally treated to produce stable 
tempers with or without supplementary strain 
hardening. If strain-hardening supplements thc 
thermal treatment, it is considered in the temper 
designation only where it is recognized as mate 
rially influencing the characteristics of the product 


The T is always followed by one or more digits 


—T2...Annealed (Cast Products Only). Ap- 
plies to castings only, to indicate a type 
of annealing operation used to improve 
ductility and increase dimensional sta- 
bility 


. Solution Heat-Treated and Then 
Cold-Worked. Applies to those prod- 
ucts where cold work is performed for 
the primary purpose of improving the 
strength. Also applies to those products 
in which the effect of cold-work (such 
as flattening or straightening) is recog- 


nized in applicable specifications 


. Solution Heat-Treated and Naturally 
Aged to a Substantially Stable Condi- 
tion. Applies when the product is not 
cold-worked after heat-treatment; also 
when applicable specifications do not 
recognize the effect of cold-worked in 
flattening and straightening operations 


. Artificially Aged Only. Applies to 
products which are artificially aged with- 
out prior solution heat-treatment. The 
artificial aging ot these products may 
improve mechanical properties and/or 
dimensional stability 


. Solution Heat-Treated and Then Ar- 
tificially Aged. Applies to products 
which are not cold-worked after solution 
heat-treatment, and in which the effect, 
if any, of flattening or straightening is 
not recognized in applicable specifica- 


tions 


. Solution Heat-Treated and Then Sta- 
bilized. Applies to products in which 
the temperature and time conditions for 
stabilizing are such that the alloy is car- 
ried beyond the point of maximum hard- 
ness, prov iding control ot growth and or 


residual stress 


. Solution Heat-Treated, Cold-Workea, 
and Then Artificially Aged. Applies 
when the cold-working is done for the 
purpose of improving strength, and also 
when the cold-working effect of flatten- 
ing or straightening is recognized in ap- 
plicable specifications 


. Solution  Heat-Treated, Artificially 
Aged, and Then Cold-Worked. Ap- 
plies when the cold-working is done for 
the purpose of improving strength 

. Artificially Aged and Then Cold- 
Worked. Applies to products which are 
artificially aged without prior solution 


heat-treatment, and then cold-worked for 
the purpose ot improving strength. 
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Table I—Properties 


Condition 
Old 


EC-0 
EC-H19 
1100-0 
1100-H18 
003-0 
003-H18 


EC-0 
ЕС-Н19 
25-0 
25-Н18 
35-0 
35-Н18 


Annealed 
Hard 
Annealed 
Hard 
Annealed 
Hard 


11S-T3 
11S-T8 
24S-T3 
24S-T36 
52S-0 
52S-H38 


2011-T3 
2011-T8 
024-T3 
2024-T36 
5052-0 
5052-H38 


Heat-treated 

H.T., C.W. and aged 
Heat-treated 

H.T. and C.W 
Annealed 

Hard 


5154-0 

5154-H34 
6061-T4 
6061-T6 


AS4S-0 
А545-Н34 
61S-T4 
61S-T6 
63S-T5 


5S-T6 


Annealed 
Hard 
Heat-treated 
H.T 
Extruded and aged 
H.T. and aged 


and aged 
6063-T 5 


707 re 


From: AIEE paper 


Factors Affecting 


Aluminum 


Ј. К. WILLARD * R. R. COPE 


Aluminum Company of America 


ALUMINUM IS AVAILABLE in a wide 
variety of forms, alloys and tempers 
In design these factors are considered 
even though alloy selection is based on 
strength requiremént. There are, how- 
ever, instances where factors other 
than strength may dictate the alloy 
to corrosion, 


weldabil- 


ity, finishing characteristics, and elec- 


choice. Cost, resistance 


formability, machinability, 
trical and thermal conductivity are 
some of these factors 

Cost. Generally, the cost of the dif- 
ferent alloys, within the different com- 
modity groups, varies directly with the 
The lower the 
the 
cost. Aluminum can compete favorably 


mechanical properties 


mechanical properties the lower 
with copper, zinc and the higher alloy 
steels. It is generally more expensive 


than the lower alloy steels 


CORROSION. Alu- 
minum alloys, under most conditions, 
are highly resistant to corrosion. Rat- 


B26 


RESISTANCE TO 


| Relative Resistance 


of Wrought Aluminum 


Relative 
Weldability 


Arc | Spot 


to Corrosion 
Relative Formability 
Machinability 
Relative Suitat 

for Being Braz 
Ultimate Tensile 
Strength 1000 psi 


Relative 
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lloy Selection 


ings, A through D, shown in Tables I 
and II indicate that some of the alloys 
are superior to others under corrosive 
conditions 


FORMABILITY. The ratings indicate 
relative formability, with A being the 
most readily worked. It is sometimes 
the 


advisable to form an- 


nealed condition and then heat-treat 


parts in 


MACHINABILITY. Alloys rated A in 
Table I and II have the best machining 
characteristics; B and C rated alloys are 
more difficult. Ratings are for alumi- 
num-base alloys as a group and are not 
to be used for comparison with other 
metals 


WELDABILITY. A indicates the al- 
loys which are most readily welded 
and brazed; B, C and D ratings indi- 
cate less favorable results. X indicates 
that brazing is impractical. 


FINISHING. Mechanical finishes, such 
as grinding, scratch brushing, and pol- 
ishing are applicable to all alloys and 
tempers, although slightly different 
techniques may be required for each. 
All the alloys may be readily finished 


Alloys 


4 
1000 psi 


Yiel 
16-in. Thick 


Electrical Conductor 


Endurance Limit, 
Brinell Hardness, 
500-Kg Load 

Per Cent Inter- 
national Annealed 
Copper Standard 


Sheet Specimen 
1000 psi 


1 


Shear Strength, 


Elongation in 2 in 
1000 psi 


Tensile 
Strength, 
10-Mm Ball 


ло 2 
© = m 


~ 


A Ut 
oc 





by paint if the surfaces are properly 
prepared for this treatment. 

Electroplating may be accomplished 
on all alloys, with some variations in 
the cleaning and conditioning treat- 
ments being required. Certain alloys 
and products have better appearance 
after electroplating and the thickness 
and continuity of the plating have an 
affect on the resistance to corrosion. 

The quality of alumilite finishes 
varies from alloy to alloy. This oxide 
coating can be applied to all alloys, but 
the thickness, abrasion resistance, cor- 
rosion resistance, and appearance de- 
pends upon the alloy. 


ELECTRIC AND THERMAL CONDUC- 
TIVITY. The values given in Tables I 
and II for electric conductivity are in 
per cent of the International Annealed 
Copper Standard and those for thermal 
conductivity are in cm-gm-sec units at 
25 centigrade. 


Joining 


Aluminum can be joined to alumi- 
num or other metals by a variety of 
methods. Mechanical methods include 
riveting and bolting using either alu- 
minum-alloy-rivets and bolts or dis- 
similar materials which must be chosen 
with care to prevent galvanic corrosion 
to aluminum structures. 

In the welding of aluminum alloys, 
there are several methods from which 
to select. Fusion welding of aluminum 
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B METALS AND ALLOYS 


Table II—Properties of Aluminum Casting Alloys 


I 


| Electrical 


Elongation Conductor 
in 2 inches Per Cent 
Round Inter 
Specimen national 
1000 psi 1 2-Inc! Annealed 


Relative 


Relative | 1 
| Weldability 


Resist 
ance to 
Corrosion 


Ultimate Tensile 
Tensile Yield 
"trengt Strength 
1000 psi 


Com 
pressive 
Yield 


Strength 


Endur 

ance 

Limit 

1000 psi 


Relative 
Machin 
ability 


Shear 
Strength 
1000 psi 


Condition 


SAND-CASTING ALLOYS 


43-Е 
195-T6 
214-F 
220-T4 
319-F 
355-T6 
356-T6 


As cast 

H.T. and aged | 
As cast 
Heat-treated 

As cast 

H.1. and aged 
H.T. and aged 


PERMANENT-MOLD CASTINGS 


43-F | 
0132-Т5 | 
142-7571 | 
B195-T4 | 
333-F | 
355-Тб 

356-16 


As cast 

Aged only 
Aged only 
Heat-treated 
As cast 

H.T. and aged 
H.T. and aged 


DIE-CASTING ALLOYS 


13 As cast 
85 As cast 
360 As cast 
380 As cast 


can be done by means of the shielded 
tungsten arc in which an envelope of 
helium or argon prevents oxidation at 
the weld. The 
type of welding is gaining headway in 


consumable-electrode- 


the fusion welding of aluminum, since 
it is capable of the highest speed and 
therefore is the lowest in cost 
Aluminum may be spot welded or 
continuously seam welded on equip- 
ment designed especially for the pur- 
pose. Since aluminum has high con 
ductivity 


many other 


metals, spot welding requires some 


compared to 


what higher currents and pressures to 
obtain good welds 
Aluminum is unique in 
one of the few metals that can be cold 
welded successfully. Tools are available 


that it is 


for the butt welding of wire in sizes 
from 20 gauge up through 2$ in.-dia 
rod. Pressures of 50,000 psi result in a 
weld that is actually stronger through- 
out the weld zone than in the unwelded 
metal. This is the result of the cold 
work that is introduced into the weld 
zone during the upsetting operation 
Lap joints of aluminum sheet, bus bar, 
or magnet wire can be made by the 
cold welding process by treating the 
surfaces to be welded by means of 
scratch brushing, and then applying 
pressure in such a way that molecular 
bonding takes place in the joint inter 
face. 

Aluminum can be brazed by tech 
niques similar to the brazing of other 
metals except that the brazing temper- 


Spot Diameter 


per cent 


ature range has very narrow limits 
Brazing differs from welding in that 
there is no melting of the parent metal 
The filler material is usually an alumi- 
num alloy having a high silicon con- 


tent which reduces the melting point 
below that of the parent metal. Brazing 
is then accomplished using a flux and 
the application of heat by either torch 
or furnace. 

The brazing technique is not often 
used in the design of cable termina- 
tions, since the fluxes used are corro- 
sive to aluminum and must be re- 
moved after the joint has been made 
Multistrand cable does not lend itself 
to such cleaning, and it is therefore 
felt that brazing has more application 
in fabricated structural items of alu- 
minum 

Soldering, as a means of joining, is 
a well-established process, particularly 
for copper, and is still used to a great 
industry. Sol- 


extent by the electrical 


dering of aluminum was considered 


virtually impossible because of the 
tenacious oxide coating which IS pres- 


This 


aluminum its 


ent on all aluminum surfaces 


coating, which gives 


high degree of corrosion resistance, 
must be removed either by mechanical 
or chemical means. The use of corro- 
sive fluxes to remove the oxide coating 
resulted in a joint having a very poor 
resistance to corrosion in most atmos- 
pheres. However, a soldering flux has 
that 


been developed effectively re- 


moves the oxide coating on aluminum 
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1000 psi Copper 


Standard 


ي ي ي 


оол 


without contributing to corrosion of 
left on 
When 


used in combination with solders rec 


the aluminum conductors if 


after the soldering operation 
ommended for aluminum, this flux 
permits the soldering of aluminum to 
aluminum, or aluminum to copper by 
the same techniques that are normally 
used in soldering copper connections, 
that is, by the use of an iron, a torch 
or a dip ladle 

Another method for soldering is the 
possible use of ultrasonic vibrations 
for the removal of the oxide film pres- 
ent on aluminum without resorting to 
the use of fluxes or mechanical abra 
sions. Equipment is available that is 
showing promising possibilities for the 
soldering of aluminum assemblies 
Soldered joints should be protected 
against the possibility of galvanic cor- 
rosion if the equipment is to be in- 
stalled in corrosive environments. This 
can be done by the application of 
paints, compounds, or metallized spray 
coatings after the soldering has been 
Thin 


should not be joined by soldering be- 


done sections of aluminum 


cause of the danger of perforation ad 
jacent to the soldered area 


REFERENCE 

Engineering With Aluminum by J. R 
Willard and R. R. Cope, Aluminum Com 
America. Paper No. T-72. Pub 
part of the Proceedings of the 
Conference on The Electrical Utilization of 
Aluminum, Pittsburgh, Pa, March, 1955. 
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WEIRZIN 


Weirzin, an electrolytic zinc-coated steel 
sheet produced by the most modern methods, 
is an amazingly uniform product providing 
unusual fabrication, service and cost-saving 
advantages. 


Weirzin is especially adaptable to difficult 
deep drawing and forming operations. The 
malleable zinc coating is so tightly bonded 
to the steel base that the coating will not 
flake, chip or peel.. As a result, products 
fabricated from Weirzin require no further 
surface protection. 


This tight zinc coating also aids in the 
iubrication of dies. Die life is increased; die 
maintenance costs are reduced. 


And Weirzin is unexcelled for painted prod- 
ucts. When chemically treated it assures 
long-time adhesion for enamel, paint and 
lacquer. Successfully resists heat and 
moisture, even under adverse conditions. 


Weirzin is also supplied as WEIRZIN 
PAINT-RITE, which is chemically treated 
after coating. The coating, not as heavy as 
on regular Weirzin, is just right for products 
that are to be entirely painted, enameled or 
lacquered. 


Weirzin can be supplied in cut lengths and 
coils from .010 to .0478 gauge; and from 
L5" to 36" widths. 





when you want galvanized steel sheets 


does the job better 


Weirkote—the product of a modern con- 
tinuous galvanizing process— provides a gal- 
vanized steel sheet greatly superior to that 
made by the conventional pot method. This 
modern continuous galvanizing process 
eliminates the iron-zinc alloy layer found in 
pot-dipped galvanized steel. 


The result is a zinc coating that resists 
cracking, flaking or peeling. The coating 
stays uniform, flows evenly with the base 
metal, and holds fast under deep drawing, 
intricate forming and spinning operations. 


Weirkote opens many avenues for the product 
and design engineer to specify a galvanized 
steel sheet providing strength, corrosion- 
and heat-resistance, and numerous other ad- 
vantages, all of which save time and money. 
Its coating makes possible the ready-for-use 
fabrication of many intricate parts that 
formerly required surface protection after 
fabrication. 


Weirkote galvanized steel sheets can be sup- 
plied in coils and cut lengths, from 10 to 
30 gauge, and from Lo” to 48” widths. 


* * * 


A trained sales representative will be glad to 
show you how Weirton can best meet your require- 
ments. Call the Weirton Steel District Sales 
Office nearest you or write Weirton Steel Com- 
pany, Weirton, West Virginia. 





WEIRTON STEEL COMPANY 


a WEIRTON, WEST VIRGINIA 


a division of 


NATIONAL STEEL a CORPORATION 








Handsome, functional MINIMESH © 


makes good products better 


Because it combines beauty and 
utility — at low cost, Penmetal 
Minimesh is widely used for dec- 
orative purposes and for guards or 
grilles on stoves, heaters, radios, 
phonographs, etc. Three famous 
products, which have been im- 
proved with Minimesh, are shown. 


Minimesh is small mesh (3/16) 
expanded metal, and like the 
larger meshes, is sheet metal 
which has been slit and expanded 
up to five times its original width. 
80% lighter than solid sheet of 
the same dimensions, the diamond 
truss pattern adds rigidity and 
strength. 

The openings in Minimesh per- 
mit passage of light, heat, air and 
sound. Comes in standard or flat- 
tened form. Can be cut, shaped or 
welded to suit design require- 
ments. 


Put Minimesh to work for you. 
Write for new catalog 510-EM, 
which gives sizes, weights and 
dimensions. 


PENN METAL COMPANY, INC. 


anl 
sind «- 
ч 
دد‎ 


Minimesh grille protects speaker, transmits sound, Plant: Parkersburg, W. Va. 
adds beauty in new coin-operated phonograph by District Sales Offices: Boston, New York, 


Philadelphia, Pittsburgh, Chicago, Detroit, 
J. P. Seeburg Corp., Chicago. St. Louis, Dallas, Little Rock, Seattle, 


San Francisco, Los Angeles, Parkersburg 


ABOVE — Zenith Radio Corp., Chicago, 
incorporates extensive Minimesh grille- 
work in this radio set. 


RIGHT — Gas heater by Temco, Inc., 
Nashville, Tenn. — one in a famous line 
recently redesigned with Minimesh to 
bring modern styling to the gas heating 


field. Open mesh grilles deliver heat. тш 
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HIGH-TENSILE STEEL 


You can design light weight, longer life, and 
economy into your products by including N-A-X 
HIGH-TENSILE in your plans. 
* [tis 5046 stronger than mild steel. 
* It is considerably more resistant to corrosion. 
* [t has greater paint adhesion with less under- 
coat corrosion. 
It has high fatigue life with great toughness. 
It has greater resistance to abrasion or wear. 


„Ш 


e [t is readily and easily welded by any process 
* [t polishes to a high lustre at minimum cost. 
And with all these physical advantages over 
mild carbon steel — it can be cold formed as 
readily into the most difficult shaped stamping 
When you next start to redesign, get the facts 
On N-A-X HIGH-TENSILE. It's produced by Great 
Lakes Steel — long recognized specialists in flat- 
rolled steel products. 


W-A-X Alloy Division 


GREAT LAKES STEEL 


Ecorse, Detroit 29, Mich. 


CORPORATION 


A Unit of 


СГП 
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Él. CHROMIUM-MANGANESE 


LOW -MICKEL 


WRITE FOR THE 
ASSISTANCE 
YOU NEED 


1. “TECHNICAL STUDIES #3” 


essential information on 
the composition, properties 
fabricating n l 
cations of AL chromium-man 
ganese, low-nickel 


ethods and appli 


Stainless 
steels. Write for your cop) 


2. TEST SAMPLES 


We'll be glad to supply 
engineering assistance, and 
tual samples of these 200-Series 
steels for testing under y« 


processes and conditions 


ADDRESS DEPT. PE-82 
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Here is a direct answer to the 
| rtage. For many users of 
chromium-nickel austenitic stainless steels, 
the new AISI 200-series of chromium-man- 
ganese low-nickel austenitic grades can be 
a source of immediate relief—and an avenue 
to the reduction and possible avoidance of 
nickel shortage problems in the future. 

In many cases, you can switch directly 
from the older Type 301 and 302 grades to 
the new AL Stainless Type 201 and 202 
steels, using the same fabricating processes 
and securing about the same results. There's 
nothing new to learn, and no loss in per- 
formance practically all applications. In 


"o^ "vno т, } 
recurring pro 


е | nickel Sh 


STAINLESS GRADES 


certain respects, these steels have better 
properties than the older materials and may 
be used to actual advantage in some cases. 
We also produce low carbon grades of 
these chrome-manganese steels, arbitrarily 
designated Types 204 and 204L (similar to 
the older grades 304 and 304L) . . . as well as 
a lower-chromium, higher-manganese grade 
designated Type CM, which contains only 
1% nickel Allegheny Ludlum has pioneered 
in the development and application of these 
low-nickel stainless steels. We know what 
the new grades will do...let us help you 
put them to use. Allegheny Ludlum Steel 
Corporation, Oliver Bldg., Pittsburgh 22, Pa 


For Stainless Steel in ALL Forms- call 


Allegheny [udlum 


Warehouse stocks carried by all Ryerson Steel plants 
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METALS AND ALLOYS REVIEW 


by FRANK M. LEVY, Vice President 
and Director of Research 


MUELLER BRASS CO., PORT HURON 40, MICHIGAN 


*600" Bearing Bronze 
gives outstanding 
service as gibs and 


wear strips 


and impregr 


been elim 


TUF-STUF' alloys 
for exceptional range 
and flexibility 


Qe 


® WRITE TODAY FOR THE ENGINEERING 
MANUAL YOU NEED 


provision made 

lide Our Mainter 

vorked the mact 

replaceable lorry 

bender is now 

Because of 

on thi 

eliminat 

While we were tall 

our own plant, it 

other instances where the exce ptionali trength retention and I tanc xid 000 Series Bearing A 
good wearing properties ої “600” have jn at high temperatures mal n ide: ngineering Manual FM-3 
been established. A Cincinnati lathe manu for aircraft parts such as val ruid nd Copper Base Alloys in Rod Form 
facturer uses '*600" in the form of counter shinj Engineering Manual FM-3010 





METAL 


POWDERS 


of proven quality 
produced at a single source 


-—————————— 


Since our establishment in 1916, increasing numbers of users of 
Metal Powders have come to MD for practical answers to their 


)»wder metallurgy applications— and the right powders 
MD Manufactures | ву аррпс а ght powders to use 


the following Metal Powders for their particular requirements. 


in various mesh sizes: 
There is good reason for this—for over the years, MD has 

Antimony Lead 
Aluminum Manganese 
Bismuth Nickel facilities of the MD Laboratory and its staff of technicians, long 
Bronze Silver 
Cadmium Solder 
Copper Special Alloys 
Copper Alloys Tin real advantage. 
Filter Titanium 
Iron Oxide А one-stop service is possible, because MD manufactures a 


pioneered many major metal powders for use in this field. The 


trained and experienced in the subject of Metal Powders and 


their uses, have been utilized by countless customers to their 


wide range of powdered metals. Therefore, a single call to MD, 
familiarly known as "Metal Powder Headquarters", can bring 
you the answer you seek to your problem — help you obtain the 


proper powder for your end use. 


SEND FOR vour copy of 
this helpful guide to proper 
Metal Powder selection. It 
contains descriptions, speci- 
fications, properties, and 
indicated uses of MD Metal 
Powders. Simply ask for 
Bulletin 561. 


Where One Call Does it All! 


METALS DISINTEGRATING COMPANY, INC. 


ELIZABETH, NEW JERSEY 
PLANTS: Elizabeth, N. J., Summit, N. J., Manchester, N. H., 
Berkeley, Calif., Emeryville, Calif. 


SUBSIDIARY OF AMERICAN-MARIETTA COMPANY 
WORIDS "Ue 4 € € 121019 2X E КЕТ ЛАЛ т «О ү ee ee eS DiviodeoD METALS 
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specify 
SANDVIK 
SPRING STEEL 


Sandvik Steels have a record of success in applications 
which demand years of consistent, continuous performance. 


In products such as clock and watch springs, 
compressor valves, piston ring springs, 
vibrator reeds . .. wherever fatigue life is vital, 
you'll find Sandvik untiring in service. 


If your product requires high fatigue life, 
fine surface finish, uniform physical properties 
and accurate gauge, try Sandvik. 


You can get Sandvik strip steels: 
> In special analyses for specific applications. 
® Precision-rolled in thicknesses to fit your requirements. 
In straight carbon and alloy grades. 
Annealed, unannealed or hardened and tempered. 
Polished bright, yellow or blue. 
With square, round or dressed edges. 
Wide range of sizes in stock—also slitting facilities available. 


Ask your nearest Sandvik office for further 
information or technical assistance. 


DVIK SWEDISH SPECIALTY STRIP STEELS 


are used for Textile Machine Parts such as sinkers, 
needles, etc. € Band Saws (metal, wood and butcher) * 
Camera Shutters e Clock and Watch Springs © 
Compressor Valves € Doctor Blades € 
Feeler Gauges ® Knives such as cigarette knives, surgical, etc 
® Razor Blades e Shock Absorbers ® 
$ AWide Variety of Springs € Trowels € 
FREE SANBVIE CATALES Reeds: Vibrator, Textile, etc., € Piston Ring Segment 


Gives thickness, width, E » 
hardness, type of edge ond ond Expanders e ond many other applications 
weight in pounds per hun 
deed f. Write for your copy 


SANDVIK STEEL INC 


1702 NEVINS ROAD, FAIR LAWN, NEW JERSEY 

Tel. Fair Lawn 4-6200 + In New York City: ALgonquin 5-2200 

Warehouses: Foir Lawn, N. J. * Cleveland * Los Angeles 

Branch Offices: 230 N. Michigan Ave., Chicago 1, Iii., FRanklin 2-5638 
8650 Brookpark Rd., Cleveland 29, 0., ONtarie 1-3205 
3609 E. Olympic Bivd., Los Angeles 23, Cal., ANgelus 3-676! 

SANDVIK CANADIAN LTD., P.0. Drawer 1330, Station 0, Montreal 9, P.Q. 

SANDSTEEL SPRING DIVISION + Fair Lawn, N. J. + Industrial Springs 

SANDVIK COROMANT DIVISION «+ Fair Lown, N. J. + Carbide Tools 

Works: Sandviken, Sweden + Hellefors, Sweden 
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precious metal 
' 


Laminated Sheet 


base metal 


precious metal 


p 


Laminated Wire 


base metal 


precious metal 


Laminated Tubing 


base metal 


"IMPROVED" Laminated Products 
that assure quality...speed production 


From Improved's modern metal mill comes a variety of composite metals... 
sheet, strip, tubing or wire...in a wide range of alloys, widths, thicknesses 
and diameters, for a multitude of industrial applications. 

Every advantage of solid precious metal is in Improved's laminated metals 
. . . conductivity, non-corrosiveness, high tensile, long wear . .. while the base 
metal provides strength, resiliency, economy and solderability. 

Improved will custom-make the composite metal you require adhering to 
your most exacting specifications. Modern mill facilities combine with nearly 
60 years experience to assure highest quality . . . fastest delivery. Your inquiry 
is invited. Write for catalog 564. 


THE 


IMPROVED 


i | 

SEAMLESS | 

775 EDDY STREET | 

WIRE COMPANY PROVIDENCE, R. I. | 


: 


RHODE ISLAND'S LARGEST MANUFACTURER OF LAMINATED METALS * SHEET ° WIRE ° TUBING 
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How to cut cost and improve performance 
of heavy-duty equipment with USS “T-1” Steel 


When you simplify fabrication...when you increase service 
life... when you cut down the need for repairs and main- 
tenance, you save money. And these are precisely the ways 


in which you can save money with USS ‘““T-1”’ Steel. 


VERY HIGH STRENGTH USS “T-1” Steel can be furnished to the 
ad ; at I following heat-treated mechanical properties: 
To the right, you'll find mechanical prop- 
erties of USS “T-1” Steel that help you 
increase strength and durability without Plate Thickness 
increasing weight . . . reduce weight and size 
without sacrificing performance 
Yield Strength, Ext 
TOUGH under load (min) 90,000 psi 90,000 psi 90,000 psi 


The phenomenal toughness of USS “T-1” 

Steel—even at sub-zero temperatures—has Tensile Strength (min) 105,000 psi | 105,000 psi ^ 105,000 psi 
been used to increase service life and mini 

mize need for repairs in equipment that 

must withstand severe impact stresses out 

doors in cold weather Elongation in 2”, % (min) 


IMPACT AND ABRASION 
RESISTANCE 


USS “T-1” Steel is now in service in coal 

chutes, ore cars, excavating equipment, and 

other jobs where abrasive weal and impact * A standard .505" round tensile specimen ts used tf the thickness ex 
is severe and constant. It is doing an out ceeds 34". On sizes 34" and under, a strap-type tensile specimen may 
standing job: increasing service life and re- be used which necessitates a lowering of the Reduction of Area specifi 
ducing repairs and maintenance cation to 45%, minimum 


HIGH-TEMPERATURE STRENGTH All testing in accordance with ASTM recommended practices 


This same USS "D Steel serves in high Stress 1,000 psi for 
stress applications at elevated temperatures. 
This creep-rupture data shows you why: 


FABRICATION 


USS “T-1” Steel usually doesn't require 
pre- or post-heating when welded or flame 
cut. With the proper electrodes, welds de- 
velop 100% joint efficiency without stress 
relief. This good weldability often permits 
faster, lower-cost field fabrication of heavy- 
duty parts. 


Reduction of Area, % (min) 


Test 1% Creep in Rupture in 
Temperature, °F 10,000 Hr 1,000 Hr. 10,000 Hr. 


USS “T-1” Steel can be drilled, machined, and cold-formed 


as easily as other steels of the same strength and hardness 


UNITED STATES STEEL CORPORATION, PITTSBURGH * COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO - TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA 
UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS * UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


Q3 ҸӘ 
USS | CONSTRUCTIONAL ALLOY STEEL 
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Pr. Creative ‘‘Extrusioneering”’ is more than 
just a designing and mill service. It’s an ex- 
panded assistance program designed to help 
you create new aluminum extrusion applica- 
tions for your product... applications that 
will cut manufacturing costs and improve pro- 
duct quality. Because PE's staff of competent 
engineers have wide experience in all types of 
fabricating operations, they can provide in- 
valuable aid in helping develop ideas that will, 
for example, reduce fabricating costs, simplify 
assembly, eliminate machining operations, 
and provide greater stability and strength. 
Why not call in a PE engineer without obliga- 
tion and let him analyze your product for 
possible cost-cutting extrusion applications. 
PE aluminum extrusions are produced under 
the latest methods of scientific quality control 
... facilities are complete from billet casting 
to finished extrusion. PE specializes in the job 
of PRODUCING EXTRUSIONS ONLY .. . they 
do not fabricate, they do not manufacture 
any other product. Your inquiries receive 
personalized and confidential attention. 


FREE 12-PAGE BULLETIN 


Write today for free technical bulletin 
illustrating and describing PE services and 
advantages of the aluminum extrusion 
process. 





Catalogs 


and 
Bulletins 


To obtain copies of literature 
described below, circle corre- 
sponding number on coupon 
at end of this section. 


(N-1) SMALL - MESH EXPANDED 
METAL—Folder, 4 pp, gives weights 
and dimensions for various gauges and 
strands available, both standard and 
flattened. Penn Metal Co., Inc., 205 E. 
12 St, New York 17, N. Y 


(N-2) TUNGSTEN AND MOLYBDE- 
NUM-— Booklet, 24 pp, describes prop- 
erties and characteristics. Fansteel Met- 
allurgical Corp., N. Chicago, Ill 


(N-3) CHROMIUM STAINLESS—Book- 
let, 16 pp, describes price advantage, 
physical properties and analysis, rela- 
tive to corrosion resistance, fabrication, 
application and care of Type 430 
nickel-free stainless sheet. Washington 
Steel Corp., Washington, Pa. 


(N-4) MAGNETIC MATERIALS—Bul- 
letin GC-106A, 11 pp, describes per- 
manent magnets, tape wound cores, 
cut cores, powder cores and gives prop- 
erties. Arnold Engineering Co., Ma- 
rengo, Ill 


(N-5) TrrANIUM—Books (5) de- 
scribe development programs on ti- 
tanium and titanium alloys, concerning 
production and design of components 
made of these materials. Purpose of 
publications is to broadcast all possible 
information as a means of eliciting use- 
ful information. Air Material Com- 
mand, MCPBIS-2, Wright-Patterson 
Air Force Base, Ohio 


(N-6) HIGH YIELD STRENGTH STEEL 


—Booklet, 24 pp, uses charts, graphs, 
sketches and photographic illustrations 
in describing this engineering material, 
which is available in thicknesses from 
34 « to 6 in. and above, and in standard 
widths up to and including 195 in., 
with a maximum length of 720 in. 
Lukens Steel Co., Coatesville, Pa. 


PRECISION EXTRUSIONS, INC. 


729 GREEN AVENUE 
PHONE: BENSENVILLE 98. e 


BENSENVILLE, ILLINOIS 
CHICAGO TUxedo 9.1701 


Chicagolends Oldest Most Experienced Aluminum Extruder 
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BEND T 


FORM IT 


JOIN IT 


B&W MECHANICAL TUBING 


for economical, effective design and fabrication of hollow parts 


CHOOSE FROM A COMPLETE SELECTION 


TYPES : 
Seamless Tubes — hot-finished, cold-drawn, or roto- 


rocked 
Welded Tubes—from hot-rolled or cold-rolled strip 


GRADES 
Stainless Steels—B&W Croloys 12 to 27 


Low and Intermediate Chrome Molybdenum Alloys 
—B&W. Croloys !/ to 9 

SAE-AISI Alloys and Nitralloy Steels 

Nickel Steels—B&W Nicloys 315, 5, and 9 

Carbon Molybdenum Steels—in various grades 
Carbon Steels—in various grades 

Titanium Metal—in various grades 


SIZE RANGE my. | | 
Up to 95 inches outside diameter in a wide range of 
wall thicknesses 


SURFACE FINISHES 
As rolled, as drawn, as welded, flash removed, turned, 
scale-free and polished 


SPECIFICATIONS 
Made to any of the standard specifications such as 
those of the AISI and U. S. Government 


QUALITY 
Open-hearth and electric-furnace steels, including air- 
craft and magnaflux qualities 


CONDITION 
Unannealed, annealed, tempered, normalized, or other- 
wise heat-treated as required 


SHAPES 
Round, square, rectangular, or other shapes 


FABRICATION 
Upsetting, swaging, expanding, bending, and machin- 
ing 
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The inherent abilities of B&W Mechanical Tub- 
ing as a metal form make it a versatile, 
economical material source for tubular me- 
chanical parts. It has a high strength-to-weight 
ratio, will assume virtually any design shape 
without loss of structural advantages, and also 
has many other desirable qualities, such as oxi- 
dation and corrosion resistance, which can be 
obtained by selecting the proper tubing analyses 
from B&W’s wide range of grades. 

B&W Mechanical Tubing cuts fabrication time 
and costs by providing a partially prefabricated 
form whose physical dimensions closely approxi- 
mate those of the finished part. Selection of 
tubing with diameter, wall thickness and surface 
finish as close as possible to those of the final 
product reduces machining and finishing costs 
substantially, sometimes virtually eliminates 
them. For further information on how B&W 
Mechanical Tubing meets your design and 
fabrication requirements, write for Bulletin 352. 
The Babcock & Wilcox Company, Tubular 
Products Division, Beaver Falls, Pa. 


TA-6027-A 
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ons 


to a specialist "TP 


WALLINGFORD STEEL 
FOR QUALITY STAINLESS STRIP 


We specialize in easing “headaches” brought on by the need for... 
an improved product . . . better production . . . reduced fabricating and 
finishing costs . . . fewer rejects . . . less down-time. We prescribe . . 


WALLINGFORD STAINLESS STRIP 
* Thinnesses to .002' 
è Accuracy to + .0001”. 
* Meets rigid specifications 
for size, finish, analysis, temper. 
Has smooth, straight edges. 
Gages uniformly 
Draws easily 
* Punches cleanly 
* Special sections rolled to your exact design 
Write today. We'll meet the challenge of your most persistent 
product, cost and production “headaches” with a staff of 


specialists — engineers, metallurgists and production experts — 
well-qualified to administer effective treatment. 


THE 


WALLINGFORD 


co 


WALLINGFORD, CONN 


SUPER METALS 


STAINLESS + ALLOY + HIGH CARBON + LOW CARBON + STRIP -+ STAINLESS WELDED TUBES AND PIPE 
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Catalogs and Bulletins continued 


(N-7) MAGNETIC ALLOYS— Bulletin 
TC-101A, 27 pp, describes properties 
and characteristics. Arnold Engineering 
Co., Marengo, Ш 


(N-8) METAL ALLOYS— Bulletin 

8 pp, presents case history and avail 
ability data on thin-gage beryllium 
copper, phosphor bronze, nickel silver, 
chromium copper, stainless 17-7PH, 
invar and magnetic strip down to 
0.0005 in. thick. Includes tables on 
mechanical and physical properties as 
well as tolerances and applicable 
specifications. Penn Precision Products, 
Inc., 501 Crescent Ave., Reading, Pa 


(N-9) Diz CASTING ALLOYS—Book- 
let, 23 pp, describes the requirements 
for a zinc-base alloy both for die casters 
and for designers who specify die cast- 
ings. Henning Bros. & Smith, 91-127 


Scott Ave., Brooklyn 37, N. Y 


(N-10) MAGNESIUM ALLOY NOMEN- 
CLATURE— Pamphlet, 12 pp, has stand- 
ard alloy nomenclature and temper 
designations which have been adopted 
by the ASTM and is being ofhcially 
recognized and recommended by Mag- 
nesium Assn, 122 E. 42 St, New 


York 17, N. Y 


( N-11) SrAINLESS STEEL WIRE—Bul- 
letin, 6 pp, includes analyses, tensile 
strengths, physical properties and gages 
of twelve types of stainless wire. Webb 
Wire Div., Carpenter Steel Co., New 
Brunswick, N. ] 


N-12) STAINLESS STRIP—Brochure, 
32 pp, gives recommended applica- 
tions, general description, chemical, 
physical and mechanical properties, 
corrosion resistance. Superior Steel 


Corp., Carnegie, Pa 


(N-13) WIRE GAGE AND FOOTAGE 
CHART determines gage and footage 
readings in Brown & Sharpe (AWG) 
wire gauges. Readings are for beryl 
lium copper, phosphor bronze, ti 
tanium and other non-ferrous alloys 
Dept. V, Little Falls Alloys, Inc., 189 
Caldwell Ave., Paterson 1, N. ] 


(N-14) ALLOY AND STAINLESS STEELS 

Catalog 175A, 102 pp, includes 
chemical compositions, representative 
mechanical properties of corrosion 
resistant, heat-resistant, impact and 
abrasion-resistant alloy steels. Electric 
Steel Foundry Co, 2141 N. W. 25 
Ave., Portland 10, Ore 
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Catalogs and Bulletins continued 


(N-15) CARBON AND ALLOYS STEELS 
COMPARED—Booklet, 12 рр. ОЁ the 
nine graphs included in the booklet, 
the first plots allowable stress against 
temperature for the various carbon and 
alloy steels under discussion. The re 
maining eight graphs are paired a 
cording tO Maximum service tempera 
tures in increments of 100 from 650 to 
950 F. Lukens Steel Co., Coatesville, Pa 


(N-16) COLD-DRAWN STEELS—Book 
let 672, 32 pp, summarizes properties 
and applications of typical grades of 
cold drawn carbon steels, free machin 
Ing steels, stress-relieved steels, leaded 
and alloy steels and stainless steel. Re 
public Steel Corp., 3100 E. 45 St, 
Cleveland 27, Ohio 


(N-17) VIBRATION CONTROL MATI 
RIAL—Catalog IS-55, 4 pp, gives load 
ranges, standard sizes and thicknesses 
with suggested specifications. T. R 
Finn & Co., Inc., 200 Central Ave., 
Hawthorne, N. J 


(N-18) IRON POWDERS—Bulletin 
12 pp, describes and illustrates proc 
esses used to manufacture electrolytic 
and reduced iron powders. Their uses 
in manufacturing commercial and in 
dustrial products are also included 
Plastic Metals Div., National-U. $ 
Radiator Corp., 342 Madison Ave., 
New York 17, N. Y 


(N-19) AIRCRAFT STEELS—Booklet, 
68 pp, gives condensed information on 
army, navy and government aircraft 
steel specifications Included also ar« 
the sizes, shapes and properties of alloy 
and stainless steels that are available for 
immediate shipment from warehouse 
stocks. Joseph T. Ryerson & Sons, In« 

Box 8000-A, Chicago 80, Ill 


(N-20) SrEEL SHEET AND STRIP 
Bulletin EM 21, 28 pp, gives informa 
tion on electrical steels as well as d« 
tailed information as toO Баре, pertorm 
ance guarantees and detailed graphs on 
various technical aspects of these steels 
Allegheny Ludlum Steel Corp., 2020 


Oliver Bldg., Pittsburgh 22, Pa 


(N-21) BERYLLIUM COPPER STRIP 
Bulletin 6, 12 pp, offers suggestions for 
ordering beryllium copper strip. In 
cludes discussion of available alloys 
tempers, sizes and tolerances with 
tabular data on properties. Penn Preci 
sion Products, Inc., 501 Crescent Ave., 
Reading, Pa 





podut 


LLINGF 


SCIENCE 
AND 


OM ART 
WELDED STAINLESS STEEL 


TUBING and PIPE 


Producing stainless steel tubes and pipe of the highest uniform 
quality takes the finest modern equipment. And, at Wallingford, 
whenever there is a better machine or a more advanced quality 
control device, it is obtained and integrated into our manufac- 
turing operations. 


But other less tangible factors . . . equally essential to highest 
product quality . . . can be supplied only by the expert judg- 
ment and skilled hands of experienced artisans. For this reason, 
personnel at Wallingford is a picked team of engineers, metal- 
lurgists and production specialists who work together to produce 
the finest. 


FOR A BETTER PRODUCT, DELIVERED ON SCHEDULE, CALL ON WALLINGFORD 
Welded Ornamental, Mechanical, Pressure; Sanitary, Aircraft and 


Shaped Tubing and Pipe from ?$" to 3" OD 


THE 
WALLINGFORD 


„А WALLINGFORD 


T aag 


WALLINGFORD, CONN. U.S.A. 
Write today for new booklet . . . “WALLINGFORD QUALITY TUBING AND PIPE” 


SUPER METALS 
STAINLESS * ALLOY * HIGH CARBON * LOW CARBON * STRIP * STAINLESS WELDED TUBES AND PIPE 
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UNIFORM AS THE ATOM 


Somers Thin Strip now Gauged by Nuclear Energy 


Actual recording of clad steel 
being rolled to .0065" within a 
tolerance of + .0002"; virtually 
all the metal is within = .0001” 
(between the heavy vertical 
lines). 


To meet the increasing demands of elec- 
tronics and other industries for uniform 
closer tolerances, Somers Brass has taken 
advantage of one of the latest develop- 
ments in the electronic field by installing the 
first Accu-Ray gauges in the non-ferrous 
industry. These units make it possible to 
check and control thickness from edge 
to edge throughout each coil to a degree 
of accuracy never before known. 


Accu-Ray gauging is typical of the modern 
methods Somers combines with engineer- 
ing experience to provide thin strip metal 
to your most rigid specifications. Nickel, 
Monel, and Nickel Alloys from .020" to 
.00075". Brass, Bronze, Copper and Alloys 
from .010" to .00075", 


For Exacting Standards only 


SOMERS BRASS COMPANY, INC.114 BALDWIN AVE. WATERBURY, CONNECTICUT 
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Catalogs and Bulletins continued 


(N-22) PERFORATED MATERIALS — 
Catalog 62, 128 pp, illustrates hundreds 
of different standard patterns at actual 
size and gives information as to hole 
size, centers and per cent of open area 
Other sizes of standard patterns are 
listed in tables below corresponding 
patterns. Information is given as tO 
fabrication facilities, ordering, mate- 
rials that can be perforated and list of 
perforated sheets carried in stock. Har- 
rington & King Perforating Co., 5617 
Fillmore St., Chicago 44, Ill. 


(N-23) NICKEL-LINED PIPE—Book- 
let, 8 pp, contains information on 
nickel-lined pipe, which will withstand 
any fabrication without affecting the 
adherence of the nickel. Facilities for 
processing the pipe in random lengths 
from 11^ to 24 in. dia and 20 to 21 ft 
long are covered in detail. Bart Mfg. 
Corp., 227 Main St., Belleville 9, N. J. 


(N-24) SPECIAL STEELS—Booklet, 16 
pp, gives details on stainless steels, elec- 
trical materials, carbide materials and 
tool steels. Allegheny Ludlum Steel 
Corp., 2020 Oliver Bldg., Pittsburgh 


22, Pa 


(N-25) NICKEL-PLATED STEEL — 
Manual, 12 pp, presents a technical de- 
scription of nickel-plated steel plate 
products, covering manufacturing tech- 
niques and fabrication procedures 
Colorado Fuel & Iron Corp., 575 Madi- 
son Ave., New York 22, N. Y 


(N-26) CAstT IRONS—Bulletin, 20 pp, 
provides specifications for six classes of 
metallurgically controlled irons. Mc- 
Nally Pittsburg Foundries, Inc., Pitts- 
burg, Kan. 


(N-27) POWDER METALLURGY STAND- 
ARDS—Data sheet 4, 4 pp, lists and 
correlates all of the commercially avail- 
able standards, specifications and other 
references on metal powders and metal 
powder products. Metal Powder Assn., 
120 Lexington Ave., New York 17. 


(N-28) CLAD METALS—Data folder, 
30 pp, contains material on copper- 
clad steel and steel-clad copper prod- 
ucts. Joseph Kinney Co., Inc., Carnegie, 
Pa. 


(N-29) BRASS ALLOY POWDERS — 
Bulletin, 2 pp, lists chemical composi- 
tion of each alloy and provides proper- 
ties and characteristics. Dixon Sintal- 
loy, Inc., 535 Hope St., Stamford, Conn. 
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TITANIUM 


SOLVES TOUGH CORROSION PROBLEMS 


HOT NITRIC ACID at pressures of 300 psi took a high toll of stainless-steel 
condenser tubes at a Du Pont plant—until this titanium "top-hat'"' was in- 
stalled. Fabricated entirely of titanium, it provides a protective sleeve inside 
the top 3 inches of the condenser tubes. The unretouched photo shows the clean, 
uncorroded appearance of the "top-hat'' after 14 months’ continuous service. 
'The titanium tube sheet, tubes and welds have essentially the same appear- 
ance as when installed . . . show evidence of being able to serve indefinitely. 


HIGH-VELOCITY STEAM and biting hydrochloric acid were cutting the 
service life of cast-iron steam diffusers to less than 3 months at a Du Pont 
Pigments plant. Bronze and corrosion-resistant alloys were tried, without im- 
provement. Then a diffuser fabricated from titanium was installed. This proved 
to be the answer. The photo shows the condition of the titanium diffuser after 
2 years’ service—a period ten times the average life of other diffusers. Compare 
the uncorroded appearance of the titanium diffuser with the cast-iron flange, 
which shows severe acid attack. 


- 3 


A partial list of other environments where TITANIUM offers unmatched corrosion resistance ... 


CORROSIVE CHEMICALS CONDITIONS POSSIBLE APPLICATIONS 
Ferric Chloride 0-30% at 100° C Process piping 


Sodium Chloride All Conc. at 100° C Kettles, heat exchangers 


Chlorine-Saturated Water Room Temperature 
Wet Chlorine Gas 75° С 


Proportioning equipment 


Recovery equipment, 
electrolytic cells 


Chromic Acid 10% and boiling Plating equipment 


Sulphuric-Nitric Acid 40% sulphuric, 60% Acid heaters, nitrators, 
Mixture nitric at 35°C auxiliaries 


Calcium Hypochlorite 6%-35° С Filter presses, 


processing equipment 


Zinc Chloride 2075-100? C Coils, pans, evaporators 


TITANIUM MAY BE THE ANSWER TO YOUR CORROSION PROBLEM 


If you're looking for a way to improve your product... siderable fabricating know-how and a wide variety of 


mill shapes are available now to help you use titanium 
the service life of essential equipment ...it may pay you to solve your corrosion problems. For more detailed in- 
to investigate titanium. As a pioneer supplier of titanium formation on titanium, just check S uui 

sponge, Du Pont has the experience to offer you expert the coupon below, or write: E. I. 

technical help with your evaluation tests . . . can put du Pont de Nemours & Co. (Inc.), 

you in touch with manufacturers best equipped to work Pigments Department, Wilming- 

with you on your particular product or application. Con- ton 98, Delaware. 


or cut production and maintenance costs by extending 


). I. du Pont de Nemours & Co. 
Pigments Department PE-10 
Wilmington 98, Delaware 


Please send me your new technical bulletin on the corrosion- 
PIONEERED COMMERCIALLY BY DU PONT 


resistant properties of titanium. 
| Please send me your general booklet on titanium 


I am interested in using titanium for: 


Name. 
REG. u. $. Pat OFf SL 


BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY Address 
NN agg ggg 
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TITANIUM and MAGNESIUM 


for high strength-to-weight ratios 
at elevated temperatures— 


The experience, the special- 
ists, the equipment-and-f acil- 
ities to design and produce 
the very difficult fabrication 
and assembly work in these 
"— and other light metals — 


ATIQAT you'll find at B&P. 


> 


at 


7075-16 
| HK3I-T6 


To make this titanium pres- 
| surized tank, B&P welds two 
| | . — cylinders, Each is drawn in 

— one operation. Tank with- 


302 STAINLESS —3 | — | — stands 5000 psi pressure. 


YIELD STRENGTH/DENSITY /10° 


M 


2% 400 600 0 wx MO” ten 


TEMPERATURE F AN 


Yield strength, weight vs. temperature, 
mal | 


TABLE OF COMPARATIVE WEIGHTS 


(Specific Gravities) 


all done by B&P. 


P 
о 
ct 
v 


ч 
— 


AIRCRAFT ENGI. 
NEERING DIVISION 
IN LOS ANGELES at 
11655 VanOwen St., 
North Hollywood, sup- 
plements the B&P en- 
gineering services at 
the main plant, De- 
troit. Phones: STanley 
7-9665 and POplar 5- 
9680. 


CAST IRON 


ч 
^ 


STEEL 


| 
= 
со 
w 


со 
= 


со 
= 


For Atomic Power In- 
stallation - B&P is now 
producing BORAL at 


: f its Livonia Rolling Mill 
Write for Titanium and Magnesium engi- (near Detroit). 


neering data — also folder on B&P’s facilities to 
handle tough jobs, 


Of the structural metals, B&P specializes in the 
fabrication and assembly of the three lightest. 


D> BROOKS & PERKINS, INC. 


1956 West Fort St. Detroit 16, Mich. Phone: TAshmoo 5-5900 
Offices in New York, Washington, Los Angeles, Dallas 
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Magnesium turret enclosure 
for a bomber. Design, loft- 
ing, prototypes, production, 
fabrication, and assembly are 


Catalogs and Bulletins continued 


N-30) ALLOY FOR ANCHORING 
MACHINE COMPONENTS—Bulletin, 4 
pp, describes a low-melting point 
bismuth-tin-lead alloy used for anchor 
ing bearings, bushings, and non-mov 
ing parts in machine tools and other 


heavy equipment. < erro de Pasco < orp., 


300 Park Ave., New York 22, N. Y 


(N-31) BISMUTH ALLOYs—Bulletin, 
Í pp, gives data and applications on 
low-melting point alloys used for an 
choring, soldering, molding, patterns 
Cerro de Pasco ( orp., 300 Park Ave., 
New York 22, N. Y 


N-32) POWDER METALLURGY— Bul 
letin, 18 pp, includes summary of proc- 
ess, designing for powder metallurgy, 
typical applications. Keystone Carbon 


Co., St. Marys, Pa 


N-33) COLD-FINISHED STEEL BARS 
Bulletin 16 52 рр, Residual 
Stresses in Cold-Finished Steel Bars 


1 


and their Effect оп Manufactured 
Parts" is the title of this pocket 5126 
booklet. Specific subjects covered in 
clude residual stresses in cold drawn 
bars, turned bars, ground bars, heat 
treated steel as well as discussions ot 
fatigue, cracking, machinability, toler 
ances and corrosion. La Salle Steel Co., 
Hammond, Ind 
N-34) ALUMINUM BRONZE ALLOYS 
Booklet, 32 pp, has information on 
the properties, composition and func 
tions of aluminum bronze alloys as 
furnished in sand, centrifugal, invest 
ment and permanent mold castings 
hammer forgings and heat-treated and 


machined parts. WW Alloys, Inc 
11 14 Cloverdale Ave., Detroit ї 


BERYLLIUM PRODUCTS 

lirectory, 20 pp, lists and de 

the characteristics of the com 
pany's line of beryllium copper, beryl 
lium aluminum and beryllium nickel 
alloys; of beryllium metal and beryl- 
lium oxide; of wrought, forged and 
cast beryllium copper alloys and ot 
beryllium copper safety tools. Beryl 
lium Corp., Reading, Pa 


N-36) COPPER-BASE ALLOYS 
Manual, 28 pp, contains information 
on copper-base alloys in rod form, in 
cluding chemical compositions, me- 
chanical and physical properties, ma 
chinability ratings, and suitability to 
fabricating processes and end uses. 
Mueller Brass Co., Port Huron, Mich 
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TUBE REDUCES SCRAP 


A lock maker was machining 
cylinder lock sleeves from bar, 
producing much scrap. We sug- 
gested tube instead, because 
there would be less scrap, tools 
would last longer, collet wear 
would be reduced, and a small- 
er metal inventory would be 
needed for a given output. The 
customer naturally switched to 
Revere tube to obtain these im- 
portant economies. 


TOOL LIFE INCREASED 
OVER 200% 


A valve manufacturer had to 
deep-drill brass rod. Orig- 
inally, free-machining brass 
was used, but when Revere 
discovered the extent of the 
drilling, Deep-Drilling 
Revere Brass (Mixture 252) 
was suggested. The machine 
shop foreman reported an 
increase in tool life of over 
200 %. It is now possible to 
bore with a single operation 
instead of the former practice 
of withdrawing the drill 3 
times to clear chips. 


Revere offers you much more than just its large 


number of mill products. It can render special services 


which may be of considerable value to you. Yet they 


are not billed, because they are part of the fulfillment HOW MANY ANNEALS? 


: e " е > ай А firm took a contract to 
of our obligation to contribute to the prosperity of cue dup MA, Ө. ЖӨ 


American industry, whose orders are in turn respon- tum er MD TN а 


recommendation was that 


i , и 8 ч — — each dish should beannealed 
sible for our own growth. Let us give you just a few Meet imeem ar 


capsule case histories of special services. mp nhe s ane n 
stimulated new thinking on 
tool design. Annealing was 
eliminated on two dishes, 
and on another, only one 


FORGINGS SAVE MONEY anneal is needed. 


This brass forging is dense, 
strong, easily and quickly ma- 
chined into the finished part. 
Originally this part was Кый 
up out of three separate pieces, 
silver-soldered together. Revere 
and the customer collaborated 
closely, and worked out a way to 
— rA а forging in one piece, 
etter and more economical. 


WELDING IS BETTER 


A manufacturer had a con- 
tract to make oil coolers, 
and was silver-brazing the 
heads, a long and expensive 
process. Revere said weld- 
ing would be faster and 
cheaper, and showed why 
and how. The customer 
gratefully reports he is 
saving between $300 and 
$400 on each cooler. 
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PERFORATED 


METAL? 


FOLLOW THE TREND 


toward development of more attractive 
products through the greater use of 
Diamond Ornamental Perforated Metals. 


Perforated-Metal Sections supplied by 
Diamond to other manufacturers include 
Grilles and Louvers, for air conditioners, 
radios, juke boxes, television sets, auto- 
mobile instruments, etc. Furnished also 


in Rigidized Perforated Metal. 


Screens, for industrial processing, steril- 
izers, etc.; Panels, for space heaters, 
etc.; Oil-Burner Chimneys; Perforated 
Cylinders, for washing-machine and 
other centrifugal dryers; Accoustical 
Sheet; Sound Baffles; Welded and Fab- 
ricated Assemblies of all kinds. 


Tooled for a great variety of perfora- 
tions in any commercial metal, of any 
suitable thickness. Geared to meet the 
production schedules of America's lead- 
ing industrial concerns—that's Diamond. 


Want to know more about us and what 
we might do for you? Write for Cat. 39. 


DIAMOND MANUFACTURING CO. 
Te PE dy 


LOOK NO FURTHER 
FOR QUALITY... 


Bishop small diameter stainless 
steel tubing is not surpassed in 
meeting corrosion, heat, shock, 


stress and vibration. 


It is not excelled in quality of 
starting stock...in accuracy of 
1.D. and O.D....in dimensional 


precision . . . in finish. 


When quality is of prime impor- 


tance, for hydraulic lines, for air- 


craft parts, for instruments, for 


electronics . . . in fact wherever 
high quality steel tubing is indi- 
cated, look to Bishop for the 


finest...at comparable prices. 


CAPILLARY, MECHANICAL, 
HYPODERMIC and AIRCRAFT 
Stainless Steel Tubing 


... seamless апа 
welded and drawn 


(.008'' to 1.000'' O.D.) 
(.003'' to .083'' Wall) 
Nickel and Nickel Alloy Tubing 
(ор № .625'' О.р.) 


Catalog on Request 


„ м 


\ J. BISHOP & CO. 
) PLATINUM WORKS 


Stainless Steel Products Division 
Malvern, Pennsylvania 


Estoblished 1842 


West Coast Plant, Diamond Perforated Metals Co. * 17915 $o. Figueroa $t., Gardena, Calif. 
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NATIONAL TUBE DIVISION, PITTSBURGH 


Li 
i 
H 
| 

1 
‘ 
4 


А 
M 
| 


Yov'll find it all here... 


The information you need when 
designing for high strength steels 


UR new “Design Manual for High Strength 
О Steels" is ready for distribution. Here are 174 
pages of practical, authoritative information that 
you will find invaluable in designing your prod- 
uct for greater economy and efficiency by the 
sound use of high strength steels. No designer 
should be without it. 

This excellent book covers in detail the prob- 
lems of tension, compression, shear, beam stress, 
deformation and deflection. It fully describes the 


UNITED STATES STEEL CORPORATION, PITTSBURGH 


AMERICAN STEEL & WIRE DIVISION, CLEVELAND 


TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS 


fundamental characteristics of low-alloy high 
strength steels, shows you how to design against 
corrosion, describes the application of formed 
sections. Complete with tables, formulas, and 
basic data covering this important field of design. 
. . + 

For your free copy, write on your company 
letterhead, giving your title or department, to 
United States Steel Corporation, Room 5468, 525 
William Penn Place, Pittsburgh 30, Pa. 


COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO 


UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


USS HIGH STRENGTH STEELS 


USS MAN-TEN . 
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AMSCO 
MANGANESE STEEL 


absorbs impact energy... 


actually 
work-hardens 
in use 


If you require steel with high strength, good ductility and 
excellent resistance to abrasion accompanied by impact TT 
use Amsco manganese steel, the toughest steel known. 

Amsco manganese steel actually absorbs impact energy 
which work-hardens the metal's surface up to a maximum 
of 550 BHN, while below the surface (as shown bv the 
photoelastic stress pattern in the illustration) manganese 
steel maintains its ductility. The more it's used, the harder 
and more polished the surface becomes. This self-polishing 
characteristic minimizes wear and reduces the need for 
frequent lubrication. 

For a complete discussion of its technical aspects and 
inherent design features, send for your free copy of the 
Amsco booklet, Austenitic Manganese Steel. 


AMERICAN MANGANESE STEEL DIVISION 


Chicago Heights, Ill, 


Catalogs and Bulletins continued 


(N-37) DucTILE IRON— Booklet, 28 
pp, has revised tables, charts. Interna- 
попа! Nickel Co, Inc, New York 5, 
N. Y 


(N-38) ALUMINUM BRONZES—Bul- 
letin, 4 pp, discusses these copper-base 
alloys and describes properties and ap- 
plications. Ampco Metal, Inc, Mil 
waukee 46, Wis. 


(N-39) STAINLESS WIRE AND STRIP 

Bulletin T-1, 4 pp, describes me- 
chanical properties and spring char- 
acteristics of precipitation hardening 
stainless. Type 17-7 PH. Alloy Metal 
Wire Div., H. K. Porter Co., Inc., 


Prospect Park, Pa 


(N-40) CARBON AND ALLOY STEELS 

Chart shows approximate relation 
between hardness by various testing 
systems and tensile strength of steels. 
Hardness systems covered are Brinell, 
Monotron, Vickers and Rockwell (B, 
C and E scales). Babcock and Wilcox, 


Beaver Falls, Pa 


(N-41) TITANIUM Folder, 2 pp, 
contains a list of the commonly avail- 
able titanium alloys and their compo- 
sitions, forming and welding methods, 
heat treatment and machining infor- 
mation, as well as current and projected 
prices and other pertinent data. Arthur 
D. Little, Inc., 30 Memorial Drive, 
Cambridge 42, Mass 


N-42) SINTERED METALLIC OXIDES 

Bulletin A-7, 7 pp, describes proper- 
ties of sintered metallic oxides for high 
temperature ceramics in mechanical, 
chemical and electrical applications 
U. S. Stoneware Co., Akron 9, Ohio 


(N-43) VACUUM-MELTED METALS 
AND ALLOYS—Bulletin VM-101, 23 
pp, covers effects of vacuum melting 
on properties of various metallic ma- 
terials, benefits of the process to the 
user of such metals and fabricating and 
machining recommendations. General 
Electric Co., Detroit 32, Michigan 


(N-44) ALUMINUM ALLOYS Slide 
rule shows common designation, ap- 
plicable specifications, physical and 
mechanical properties for all major 
aluminum casting alloys for sand and 
permanent mold castings; for heat 
treatable alloys, properties are shown 
for each condition. Relative properties 
are given. Howard Foundry Co., Chi 
cago 39, Ill 
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NEW BOOKLET DESCRIBES 


LATEST USES FOR STRAITS TIN 


IN MAJOR INDUSTRIES 


Reviews Most Recent Product-Improving, Cost- 


Reducing Applications. Send for Your Free Copy Now! 


This new booklet contains up-to-the-minute infor- 
mation about one of our most useful metals — 
Straits Tin from Malaya. Booklet explains why 
tin's properties make it so important to American 
industry, gives specific examples of new applica- 
tions solving various manufacturing problems. 
Sixteen pages, fully illustrated, factual and con- 
cise. Write now for your free copy of “STRAITS 
TIN FROM MALAYA, Its New Importance to 
American Industry.” 


MALAYAN 


The Malayan Tin Bureau 
Dept. 38K, 1028 Connecticut Ave. 
Washington 6, D.C. 


Please send me a free copy of the new booklet, "STRAITS TIN 
FROM MALAYA, Its New Importance to American Industry." 


Name and Position 
Company 


Street 


Em The Malayan Tin Bureau 


A 
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BEARIUM METAL 


Words cannot describe the advantages and the superiori- 
ty which BEARIUM METAL offers over all other types of 
bearing materials. Only when you use it under the most 
difficult operating conditions can you appreciate its amaz 
ing superiority. 

So, if you have a bearing application which involves 
high speeds, poor lubrication, excessive loads, elevated 
temperatures, dusty and gritty surroundings—or where 
a liquid other than oil must be used as a lubricant. . 
BEARIUM METAL will prove to be your best investment 


THE SECRET OF BEARIUM 
METAL'S superiority is due 
to the uniform distribution 
of microscopic lead particles 
within the copper-tin grains 
rather than between the 
grain boundaries—as illus- 
trated by these two photo- 
micrographs 


Bearium Metal 
FEATURES: Non-Seizing and Non-Scor- 


BEARIUM ing * long-Wearing * Self-Lubricat- 
METAL ing * Low Coefficient of Friction * High 


Compressive Strength * Resistant to 
Shock Loads * Sound, uniform structure 
* Free-Cutting 


AVAILABLE IN: cored and solid bars + 
centerless-ground rods * machined parts 
* pattern castings 


Tell us your requirements and we'll 
gladly furnish complete information. 


BEARIUM METALS CORPORATION 


264 State St., Rochester 14, N. Y. 


WEST COAST AFFILIATE IN CANADA: 


NEVIN ENGINEERING ASSOCIATES BEARIUM METALS OF CANADA, Ltd. 
932 Chautauqua Bivd 155 George St 
Pacific Palisades, Calif Toronto 2, Canada 
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Ordinary Leaded Bronze 


63 JOBS YOU CAN DO BETTER WITH 
CERRO ALLOYS 


HE unusual properties of Cerro non-shrinking, low 
temperature-melting alloys are especially valuable 


in four groups of industrial applications 


1. DESIGN—in anchoring non-moving parts 
in machinery, and similar tasks. 


PATTERN and MODEL reproduction. 
PUNCH and DIE PART anchorage. 


HOLDING work pieces of thin or ir 
regular section. 


Cerro de Pasco has prepared a new folder listing 63 
important industrial jobs in these groups, that can be 
done better with Cerro Alloys. This folder tells how you 
can obtain detailed information on any or all of these 
useful and cost-saving applications 


Send today for our new free folder 
"63 Jobs You Can Do Better with Cerro Alloys." 


Ca CERRO DE PASCO CORPORATION 


= 52 E. 50th St., Room 1501 
New York City 22, N. Y. 


Has Hundreds 
of Structural Uses 
in Modern Plants 


7a Name 
Met-L. Woo 


a еси г tefabricaced stock panels and 


: units are a ch 
enge t 1 chal- 
© Walls and Partitions i у modern industrial en. 
ө Doors 


Bineers and desi : 
of &ners because 

€ Counters and Shelves in сү Possibilities 

© Traffic Panels al, structurally- 

€ Truck Bodies (Patented , $ in hundreds of 
"Ribless'' Construction) i 

€ Truck Body Panels 

© X-Ray Rooms 

@ Moisture- Vapor-Proof ulletin des. 
Rooms and Containers E : е Mer-L- Wood 

@ Decorative Finishes 


а FOR THIS BULLETIN 
a MET-L-WOOD USES 
ND ADVANTAGES 

Quick facts, with 
illustrations and 

Jagrams on Mer] 

"ood applica 

tions, types, possi 
Met-L-Wood is metal bilities. Sent without 
bonded to plywood — per- obligation on request 
manently. Many metals, 
woods, thicknesses, shapes. 
finishes are available to 
meet YOUR requirements. 


MET-L-WOOD CORPORATION 


6755 West 65th Street * Chicago 38, Illinois 
“Met-L- Wood... opening new horizons to structural designers” 
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Blank size: %'' thick x 16/4 '' x 23%4" Blank size: 3’ thick x 9” x 31” Blank size: 5'' thick x 78'' OD 


Stainless steel plate 
produced to your specifications 
for quick delivery 


Blank size: 4'' thick x 734'' х 71%. 


Illustrations show before and after machining. 


Confidence in Carlson service has made G.O. Carlson, Ine. the country’s 
leading specialist in stainless steel plate. As we grew to this position 
in the industry, we learned and developed new methods of working 
stainless plate. 


What does this mean to you? 

It means you can buy for quick delivery exactly what you need in 
stainless steel plate—sheared, sawed, flame cut, abrasive cut, or 
machined. And this is true whether the job is a "toughv" or "run 
of the mill"! 


When vou need stainless steel plates- -special patterns like these or 


All the products illustrated here 
were flame cut, sawed, abrasive 
«ut, sheared or machined from 


plain rectangles— you'd. better try Carlson service, where experi- 


stainless steel plate. ence pays off. 


write for CARLSON'S WEEKLY STOCK LISTS... 
YOUR GUIDE TO WHAT'S AVAILABLE 
IN QUALITY STAINLESS STEEL 


J 7 / Stainless Steels Exclusively 
» ARLSON. xc. 


THORNDALE, PENNSYLVANIA 
Plates e Plate Products e Forgings « Bars « Sheets (No. 1 Finish) 


GD 


Blank size: 2'' thick x 60'' OD 


District Sales Offices in Principal Cities 


Blank size: 34" thick x 106!4'' OD 


Blank size: 'A4'' thick x 75'' x 88'' Blonk size: 14'' thick x 26'' OD 
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~ Parfûratéd 


ae or Plate 
—. Materials „йл АРТА 
iH MATERIALS 
All of the metals — steel, copper, brass, alumi- 
num, monel, zinc and stainless steel, can be 
perforated in sheets, plates or coils 
Wood Products — hard boards and plywood 
Plastics — and plastic coated fabrics in sheets 
or rolls, 

PERFORATIONS 
Round holes from 1/50" diameter up through 
9" diameter. 
Slotted patterns from .006 wide, upward. 
Squares, triangles, ornamental and special 
shapes in a wide range of patterns, spacings 
and arrangements. 

FABRICATING 
Shearing, rolling, welding, embossing and other 
fabrication when required. 


66660000 

556969626 

RK KIND 
e 


in Mesh with 
Industry... 
for 76 Years 


for 
Fine-Mesh Wire Cloth 
and Fabricated -Mesh 
Products 


Specializing in the 

IN ALL 
DUCTILE 
METALS and 
COMMERCIAL 
WEAVES 


non-ferrous metals in counts to 
200 x 200 or 50 x 750 and 
widths up to 48” in all 


commercial weaves 


address your enquiries to Department 24 


THE c. o. JELLIFF 


MANUFACTURING CORP. 


SOUTHPORT * CONNECTICUT * USA 


DUSTRI 
NAMENT 
FACILITIES 


The largest shop in the country devoted exclu- 
sively to perforating — with 70 years of experi- 
ence and specialized equipment designed to 
handle small or large orders—with emphasis on 
quality workmanship at lowest possible prices. 


Harrington & M'ing 


PERFORATING CO. INC 


Y 
R 


А 
A 


| L 
О L 


5618 Fillmore Street, Chicago 44, Illinois 
114 Liberty Street, New York 6, N. Y 


Catalog No. 62 
fully illustrates and i 
describes H & K ly 


Perforations — write (r f 
4 


for your copy. M 


b x 
р 
SN ~ 
BN 


a сіз 


"o 


Product 
Engineering 


Product Engineering 

is 

the only paid-circulation 
magazine serving design 


engineers exclusively. 


Product Design Digest Issue 





USE TIME-SAVING 
COUPONS BELOW 


. « . fo request further information on 


all products advertised in this Digest Section 


. . . to request your copies of product catalogs 


and bulletins listed and described in this section 


( you will find similar coupons at the end of each Digest Section ) 


Consult the Product Index begin- If you have specific questions to ask about any 
ning on page 12, when you want product advertised, a letter direct to the manu- 
all available information on a facturer, at the address given in his advertise- 
particular type of product; this ment, will be welcome. For clarity and prompt 
Product Index is your guide to all service, include reference to PRODUCT ENGI- 
advertisements in this Design Di- NEERING's Product Design Digest Issue, and 
gest Issue by manufacturers of page number of the advertisement prompting 
this type of product. your letter. 


Circle these numbers for further information about Circle these numbers for further information about 
advertisers appearing in this section advertisers appearing in this section 


B28-9 B30 B31 632 B33 B34 B35 B28-9 B30 B31 B32 B33 B34 B35 B36 B37 
B38 B39 B40 B41 B42 B43 B44 B38 B39 B40 B41 B42 B43 B44 B45 BL46 
BR46 B47 B48 B49 BLSO BTRSO BBRSO BR46 B47 B48 B49 BL50 BTRSO BBRSOF B51" B52 
BBL52 BBL52 


Circle these numbers your copy of bulletins į Circle these numbers your copy of bulletins 
listed in this section listed in this section 


N1 N2 N3 N4 N1 N2 N3 N4 
N13 
N20 


COMPANY COMPANY 
BUSINESS ADDRESS BUSINESS ADDRESS 


CITY, STATE CITY, STATE 





NEW BOOKS 


Nonmetallic Materials and Finishes 


Specifications and Tests for Electro- 
deposited Metallic Coatings. 6 x 9 
in., 104 pp, paper-bound. Publisbed 
by tbe American Society for Test- 
ing Materials, 1916 Race St., Pbila- 
delpbia 3, Pa. $1.85. 


17 specifications, methods of test, 
and recommended practices embodies 
the work of ASTM Committee B-8 on 
Electrodeposited Metallic Coatings. 
These standards have either been de- 
veloped jointly with the American 
Electroplaters Society or have had sub 
sequent endorsement by this group 

The preceding issue of the B-8 com 
pilation was Oct. 1953, and since that 
time all but five of the 17 standards 
have been revised 

The book contains specifications tor 
zinc, cadmium, nickel-chromium, and 
lead on nickel-chromium оп 
copper; nickel-chromium on zinc; and 
chromate finishes on zinc coatings. In 
addition there are recommended prac- 


steel; 


tices for preparation of low-carbon 
steel, high-carbon steel, zinc-base die 
castings, and copper-base alloys for 
electroplating; chromium plating on 
steels; and preparation of and electro 
plating on stainless steel and alumi- 
Methods of 
test for local thickness and two spray 


num alloys test include 


tests—the salt spray (B 117) and the 
acetic acid-salt spray (B 287) 


Plastics for Corrosion-Resistant Ap- 
plications by Raymond B. Seymour, 
Pres., Loven Chemical of Calif., 
and Robert H. Steiner, Naugatuck 
Chemical Co. 6 x 9 in., 423 pp. 
Published by Reinhold Publishing 
Corp., 430 Park Ave., New York 
22, N. Y. $7.50. 


Factors governing the selection and 
application of plastics for chemical re 
sistance have for the first time been 
gathered together in one book. While 
little is included about the precise 
mechanism of corrosion, the relative 
resistance of all commercially available 
plastics appears in tabular and qualita- 
tively descriptive form 

The book begins with a brief de 
scription of plastic fundamentals in 
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terms of physical properties, chemical 
resistance and testing procedures. It 
then describes the application of these 
plastics as protective coatings, organic 
linings, chemically resistant mortar се- 
ments, casting resins, plastic foams, 
impregnants, adhesives and reinforced 
plastics for corrosion prevention 
Recently developed techniques per 
mit the use of thermoplastic structural 
materials in pipe, valves, fittings and 
jointing materials. Information on con 
crete, masonry and steel permits proper 
design for most effective use of plastics 


for corrosion resistance 


Manufacture and Application of 
Lubricating Greases by C. J. Boner, 
Chief Research Chemist, Battenfeld 
Grease and Oil Corp. 914 x 614 in., 
977 pages. Publisbed by Reinbold 
Publishing Corp., 430 Park Ave., 
New York 22, N. Y. $18.50. 


Contents include: structure and 
theory; raw materials; manufacturing 
processes and equipment; lubricants 
containing specific thickeners and ad- 
barium, 


and 


such as: aluminum 
calcium, lithium, 


strontium base soaps. Special emphasis 


ditives 
sodium, lead 
is also placed on methods for analysis 
and types of tests to insure uniformity 
in the product and predict its perform- 
ance during service. 

Final chapters deal with application 
of lubricating greases—some interest 
ing points of which are: grease fittings; 
hand guns; manual, electrical, and air 
pumps; and 
tralized systems; guides for selecting 


driven force-feed cen 


greases for proper lubrication 


Standards on Paper and Paper 
Products. 6 x 9 in., 406 pp, heavy 
paper cover. Published by Ameri- 
can Society for Testing Materials, 
1916 Race St., Philadelphia 3, Pa. 
$3.75. 

This compilation includes standard 
and tentative specifications, test meth- 
ods and definitions of terms pertaining 
to paper, paper products and shipping 
containers. It is sponsored by ASTM 


Committee D-6 on Paper and Papert 
Products and ASTM Committee D-10 
on Shipping Containers 

A total of 101 designations are in 
cluded. There are five new standards 
and ten which have been revised since 


the previous 1953 edition 


Standards on Plastics. 6 x 9 z»., 790 
bb. paper-bound. Publisbed by 
Imerican Society for Testing Mate- 
rials, 1916 Race St., Philadelphia 3, 


Pa. $5.75. 


This compilation presents in con- 
ASTM and 


specifications, 


venient form standards 


tentative methods of 
analysis, methods of physical testing, 
recommended practices, and defini- 
tions of terms pertaining to plastics 
It has been substantially revised since 
the previous edition was published in 
May 1954. Of the total of 143 speci 
fications and tests, four are entirely 
and 4l 


reaffirmed or 


have been either revised, 


аду anced 


new 
from tentative 
status to standard. Two others have 


been discontinued, one has been re 
placed, and another has been redesig 
nated as a general method applicable 


to materials other than plastic S 


Electroplating Engineering Hand- 
book. Edited by A. Kenneth Gra- 
ham, Pres., Graham, Crowley and 
Assoc., Inc. 7 x 10 in., 650 pp. Pub- 
lished by Reinhold Publishing 
Corp., 430 Park Ave., New York 
22, М. Y. 910. 


A very complete handbook prepared 
for electroplaters and electroplating 


operations. It is also an excellent 


reference book for designers. Besides 
covering all aspects of the pre 
plating, plating and postplating opera 
tions, a glossary of electroplating terms 
is included and a 9-page section on 
lesigning parts for electroplating 


Over 
in the field, supplied 


forty contributors, renowned 
the material in- 
corporated in the book. Under the di- 
rection of A. Kenneth Graham, eight 
editors compiled the material, which 
charts, tables and 


includes many 


graphs 
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Nonmetallic 


Materials and 


Finishes 


Effect of Chromium Plating on Fatigue Strength of Steel by C. Williams 
and R. A. F. Hammond 


Corrosion: Types and Prevention by C. L. Hibert 

Industrial Applications of Ceramics by E. J. Smoke and J. K. Koenig 

Transparent Plastic Part Design by Alfred M. Blumenfeld 

Color Coating for Plastics by Lloyd E. Parks 

Creep of Reinforced Plastics by Harry R. Sheppard, Jr. and Earl H. Van Antwerp. . 


Selection of Proper Plastic Material by J. Harry DuBois 


General 
Engineering 


Metals and 
Alloys 


Nonmetallic 
Materials and 
Finishes 


Fabrication 
and Production 
Processes 


Power 
Transmission 


Mechanical 
Parts and Design 
Analysis 


Fastening 
and Joining 


Motors, Engines 
and Controls 


Electrical 
and Electronic 
Components 


Hydraulic 
and Pneumatic 
Equipment 





From: Inst. Met. Finishing paper 


Effect of 


Stress, 1,000 psi 


Chromium 


Plating on 


Fatigue 


C. WILLIAMS and 
R. A. F. HAMMOND 
Armament Research & Development 
Establishment 
Woolwich, England 

CERTAIN ELECTRODEPOSITED COAT 
INGS are known to reduce the fatigue 
strength of the underlying metal. Also, 
the low temperature heat-treatment re- 
quired in some chromium plating spec 
ifications, as a safeguard against hydro- 
gen embrittlement of the steel, reduces 
still further the fatigue strength of the 
plated component 


This lowering of the limit 


fatigue 
following electroplating is closely as- 


sociated with the tensile stress in the 


electrodeposit 
Not 
cribable to chromium plating that is 


The 


failure 


many fatigue failures are as 


applied by suitable procedures 
treatment of components, the 


of which have 


might grave conse 
quences, however, is of great impor 
Yet, not data 


have been published on the subject 


tance much correlated 

To obtain more data, a systematic 
study was conducted to establish some 
relationship between internal stress of 
the electrodeposit and the fatigue limit 
of chromium plated steel; also to what 
degree does heat-treatment after plat 
ing affect this relationship 

In the experimental work, fatigue 
specimens were prepared from nickel 
chromium-molybdenum steel in two 
conditions of Three 
(0.001; 
studied 


heat-treatment 
thicknesses of chromium 
0.006; and 0.012 


and tests of fatigue limit were carried 


С? 


in.) were 


out on the material unplated, as plated, 
and after post-plating heat-treatment 
at several temperatures 

The standard 
Wohler (rotating beam) specimens, 
British 


test piec es were 


from two lots of 
Standard En 25 steel bar stock 
Test from 


machined 


pieces one lot were 
quenched and tempered to a hardness 
level of 305 DPH; and pieces from the 
100 DPH. In 


Table I are given the analyses of these 


other lot to a level of 
bar stocks and the tensile strength of 


these materials as quenched and 
tempered 

The test-pieces were received from 
the machine shop in the normal fine 
ground condition. To eliminate any 
variables in surface internal stress re- 
sulting from mechanical work or to 
fine scratches, 


stress concentration at 


the pieces were anodically polished 
prior to chromium plating 
Measurements of the diameters of 
the specimen before and after polish 
ing showed that approximately 0.003 
in. thickness of steel was removed in 
polishing. 
Immediately 
treatment in alkali (5 per cent NaOH, 
Na2COs) to any 


superficial grease or tarnish ‘film, the 


following an anodic 


5 per cent remove 
test pieces were plated singly. With 
the exception of certain tests on pro- 
prietary chromium plating solutions, 
the standard chromium plating solu- 
tion containing 250 grams of CrOs per 
liter with a sulphate ratio of 100 to 1 
was used. Steps in the plating proce 
dure were: 

l. Immerse specimen in the plating 


R-refesfed specimen 


2. dba. ost д; 
(fatigue limit 48,380 psi) >> 
о. 
с 
Heot-treated 200C 
(fatigue limit 33,600 psi) | 


106 107 
Number of cycles 


Fig. 1—S-N curves for En25 steel, 400 DPH, 0.006 in 
chromium; "as plated" and with post-plated heat-treat 


strength of Steel 


solution for five minutes to acquire 


bath temperature. 

2. Reverse etch in the plating solu 
tion for one minute at 200 amperes 
per square foot. 

3. Plate at 200 amps per sq ft hold 
ing bath temperature (о 50 +16 
degrees Centigrade 

After plating, the specimens were 
subjected to a range of heat-treatmenrs 
150 апа 200 ‹ 


were carried out in an oil bath thermo 


Heat-treatments at 
statically controlled to +2 дер C. For 
heat-treatments at higher temperatures, 
a forced air circulation furnace con 
trolled to 


All specimens of a given batch were 


5 deg C was used 


heat-treated simultaneously. The rate 
of heating was such that the specimens 
acquired the desired temperature over 
a period of four to five hours. The tem 
then 
after 


perature was held constant for 


one hour which the specimens 
were air cooled 

The as-plated and the heat-treated 
specimens were tested for fatigue in 
Wohler type rotating beam machines 
at room temperature without surface 
grinding the chromium 

Maximum applied stress was calcu 
lated from the usual elastic beam for 
mula, but instead of basing the calcu 
lation on the diameter of the steel core 
before plating, the results are calcu 
lated on the full diameter of the plated 
specimen 

The fatigue limit under each con 
dition of test was determined by plot- 
ting S-N curves similar to those shown 
in Fig. 1. These test data confirm the 


well known effect of chromium plating 
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Table I—Analyses and Tensile Strengths of Steel Used Table II—Loss in Fatigue Limit 
for Fatigue Tests Compared With Deposit Thickness 


Lot 1 Lot 2 Fatigue Limit, psi 
DPH 305 DPH 400 


Tempered Tempered Hardness i Unplated lated Wit! 
650 C 550 C of Steel f Chron Elect No After Heat 
DPH polished Treatment 

Carbon, per cent 
Silicon, per cent 
001 
Manganese, per cent 
Sulphur, per cent 006 
Phosphorus, per eent 
Nickel, per cent 012 
Chromium, per cent 


Molybdenum, per cent 


Tensile Test Data (Averaged) 


VOU 
Ultimate tensile strength, psi 142,900 177,500 

0.1 per cent proof stress, psi | 126,600 168,700 54,000 
Reduction of area, per cent 70 53.5 


Elongation, per cent 25.4 18.3 


in substantially reducing the fatigue various thicknesses of deposit and that minimum valu 


plating 00 C. Above 


The data in Table II give the per In Figs. 2 and 3, these data along with temperature 


limit received a heat-treatment after 


1 


cent loss in fatigue limit suffered by the loss in fatigue limit are shown duced a rapid 
the test specimens when plated with graphically limit. until, at 


chromium but which received no heat For the 0.006 in. deposits on the 


I 


treatment after plating softer steel, Fig. 2, heat-treatment 


In Table III are given the fatigue the low temperature range after plat 
{ I 


limits obtained for test pieces having — ing caused the fatigue limit to fall to 


Fig. ( Left) —Effect of heat-treatment on the fatigue limit of 
En25 steel, 305 DPH, 0.006 in. chromium 

Fig. 3 (Below) —Effect of heat-treatment on fatigue limit on 
En25 steel, 400 DPH, for three thicknesses of chromium 


100 — T — 


| t- з Unplated - as machined 





I 
| 
| | 
Unplafed - elecfropolished ^looo'"cr 


{ 
+ + + 


Unplafed — elecfropolished 


1,000 psi 


0.00!" Cr 


Loss in fatigue limit, per cent 
limit 


Fotigue 


100 200 300 400 500 600 100 200 300 400 500 600 


Heat- treatment temperoture, C Heat-treatment temperature, C 
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Table IH—Fatigue Limits of Chromium Plated 


able IV —Intrinsic Fatigue Limit ot 
B.S. En 25 Steel 


Electrodeposited Chromium 


Нь 
Fatigue Limit, psi Heat-Treatment Fatigue Residual Stress Resultant Stress 
Temperature, Limit in Chromium in Chromium 

Deg C psi psi psi 
Thickness of 
Chromium 
Plate, in 


Post -Plating 
Heat-Treat 
ment, C 


Quenched and 
Tempered to 
305 DPH 


Quenched and 
Tempered to 
400 DPH 

EN 25 STEEL TEST PIECES 305 DPH 


Unplated nil 62 
520 62 
001 nil 46, 
001 200 
001 420 


270 
270 
140 


000 


000 il 48 
,760 36 


Unplated 380 13,440 


060 17,920 
170 17,920 
460 4,480 


61,820 
53,980 
53,090 
47,940 


760 - 35 
‚480 43 


001 520 , 060 
006 nil 
006 
006 
006 
006 
006 
006 


‚380 
530 
‚060 
170 
460 
680 
930 


150 
200 
320 
420 
520 
620 


012 nil 
012 200 
012 320 
012 420 
012 520 
012 


490 


64,960 
760 


620 53 


Note 


X4130 and X6130 steel, quenched and 
tempered to Rockwell C39 (DPH 
385) and C33 (DPH 330). 

Increasing the heat-treatment tem 
perature to 520 C produced a further 
recovery of fatigue strength. These 
results show that chromium plating, 
followed by heat-treatment at a suff 
ciently high temperature (but below 
the tempering temperature of the 
steel), may produce an increase in the 
fatigue limit of the plated test-piece 
with certain steels. Heat-treatment 
above 520 C caused a decline 

Results for the harder steel, Fig. 3, 
are broadly similar. The curve for 
0.001 in. chromium, however, shows 
no pronounced minimum. Although 
heating at 520 C largely reduced the 
loss in fatigue strength as a result of 
the plating, the fatigue limit of the 
steel base was not exceeded 

Separate tests on unplated speci 
mens of En 25 steel, in both conditions 
of hardness, confirmed that heat-treat 
ment at 520 C had no appreciable ef 
fect upon the fatigue limit. 

The curves of Fig. 4, which are re 
plotted from Figs. 2 and 3, show that 
the fatigue limit of chromium plated 
En 25 steel is independent of the hard- 
ness of the steel within the range 300 
to 400 DPH 


C4 


120 


380 


,600 
,840 
760 
040 


EN 25 STEEL TEST 


48,380 
17,920 
26,880 
41,440 


70,000 4-4 , 000 


All specimens were electropolished prior to chromium plating 


Determination of Internal Stress 
In an Electrodeposit 

A close relationship exists between 
the internal tensile stress in an electro 
deposit and the reduction in fatigue 
limit of the base metal. To investigate 
this relationship in respect to chro 
mium deposits, the bent strip method 
was used to determine the internal 
stress in deposits on steel strips plated 
and heat-treated under the same condi 
tions as those investigated in the 
fatigue tests 

In the bent strip test, a steel strip is 
stopped-off on one side and the electro 
deposit is plated along a measured dis 
tance on the other side. Stress in the 
deposit induces curvature of the strip 
and is calculated from measurements 
of the displacement of the end of the 
strip fixed 


before and after plating 


from a reference point 

In this investigation, the test strips 
were of spring steel and were stress 
relieved by heat-treatment at 620 C for 
one hour before use. They 
long, 0.2 in. wide, and 0.015 in. thick; 
they were plated for a length of 5 in 
They were not 
prior to chromium plating but were 


were 7 in 


anodically polished 


passivated in 30 per cent by weight 
sulphuric acid 
Normally the were 


strips plated 


PIECES 


1,680 22,400* 49,280 


Mean 53,200 


E7,000 


100 DPH 


18,380 
33,600 
35,840 
53, 760 


2,800 


55,200 
+-6 , O00 


with 0.001 in. of chromium but sepa 
rate tests of deposits 0.006 in. in thick 
ness produced similar results 

The plated strips were heat-treated 
at various temperatures between 150 
and 620 C while held flat in a rigid 
nonmagnetic plating jig. The heating 
and cooling cycles were the same as 
those used in preparing the specimens 
for the fatigue experiments. In Fig. 5 


are shown the 


The 


trom tensile to compressive stress with 


stress determinations 
transition, shown in Fig. 5, 
increasing temperature of heat-treat 
ment, following an initial slight trend 
in the opposite direction, is significant 
Also, the close similarity in form be 


) 


tween the curves of Figs. 2, 3, and 5 is 


noteworthy. In the temperature range 
200 to 300 C, all curves show a mini 
100 го 500 € 


steeply rising portion occurs 


mum, and between 

This similarity is strong evidence of 
the correlation between internal stress 
of the deposit and the fatigue strength 
of the plated component 

In Fig. 6, the data from the curves 
of Figs. 2, 3, and 5 are combined. The 
horizontal ordinate of each plot point 
on Fig. 6 represents the amount (taken 
from Fig. 5) of residual internal stress 
in the chromium deposit on a steel 


strip test piece resulting from a specific 
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Loss in fatigue 
En 25 steel strength » 


D. P.H. 305 (unplated) 


440C Cr. 


Loss in fatigue 
strength 


1,000 psi 


stress, 


internal 


400 
perature, C 


Residuo! 


Fig. 4 chromium show 


that f 


Гор Replotted data for 0.006 in 


itigue limit is independent of steel hardness 


(Right 


stress in 


Fig. 5 Effect of heat-treatment on the residual inter 


nal i chromium deposit 0.001 in. thick on steel strip 


tar 


igue test, the actual stress on the 


surface of the chromium deposit is the 
ilgebraic sum of the tensile component 
iused by the applied load and the 


sidual internal stress in the electro 


іп Table IV, the 


skin stress in 


from the As indicated 


Same pecil et CT f ( eposit 
heat-treatment resultant chromium 
As can be seen from Fig n the f can be 


proximately linear relationship exists ilculated by adding the experimen 


jual 


the 
atigue limit, therefore, 


determined fatigue the 
tor 


chromium for 


between resi stress in tally 


1111175 to 


and the p known value he residual internal 


posit 


strength stress in the the corr 


each steel are sponding heat-treatment temperature 
result 


À v idu 


ror the 


lisplaced merely The calculated values for the 


the different fati nit of the int stress are sensibly constant 


nplat« | steel between 45,000 and 55 


Durin 


OOO psi 


' i 
trinsic fatigue limit of the chromi 


m 
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ised in these experiments and investi 


gations seems to be justified 


Summary and Conclusions 
In engineering applications of hard 
chromium plating in which the chro 
mium plated area is subject to critical 


ilternating stress, it is desirable to 
heat-treat after chromium plating at 
t40 C. If 
softening of the deposit (to 


DHP) 


mechanical 


not less tkan the resulting 


about 650 
cannot be tolerated or if the 
of 


adversely affected, it 


properties the steel 


would be would 


be preferable to omit heat-treatment 


inless the steel were specially subject 


to hydrogen embrittlement 
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** Anodized or treot aluminum 
alloys for paint odheronce -. 


I 
“Alclad 7075 -T 


“ Neoprene seo! 


x . 
“Possible corrective measures 
for corrosion prevention 


From: Aero Digest 


r^ * insulate with micarta strip 


* seo! opening - - — -~ 


— Cadmium plated screw 


- — Jf Use aluminum washer under nut 
-— * Assembie with wet prime 


e ý 
t Paint cathodic orea 


\ 
\ 
“30! $5 


S 7075-T 


` 3O/ stainless steel washer 


-AN509- C4I6- RI? screw 
ANJ363C- 428 nut stainless steel 


Corrosion may 


occur 


at any point in the above illustration 


Sealing, insulating, painting, priming and anodizing are some 


of the corrective 


measures 


that may be taken to prevent 


corrosion of materials, components and hardware 


CORROSION: 


Types and Prevention 


A REACTION IN WHICH A METAL loses 
its identity and characteristics as a 
metal, such as the formation of oxide 
hydroxide, or salts, is a corrosive reac 


attack 


fied in two categories, namely 


tion. Corrosive may be classi 
chemi 
cal and electro-chemical 

Chemical corrosion, or uniform etch 
also solubility. It is 


attack 


ing, is termed 


characterized by an uniformly 


distributed over the entire surface of 
the metal and occurs through the ac 
поп of a film-dissolving media 

The electro-chemical theory of cor 
rosion is now generally accepted as the 
most satisfactory explanation of the 
phenomena encountered in the corro 
sion of metals. Corrosion occurs either 
through the operation of small galvanic 
cells at the surface of the metal, or 
between dissimilar metals in electrical 
contact, or between areas of unequal 


electrolyte Between the 


C6 


concentration 


Descriptions of the mechanics of corrosion in one metal, between 


dissimilar metals, and between metals and nonmetals. Protective 


measures include painting, plating, coatings, sprays and others. 


C. L. HIBERT 


Convair, Div. of General Dynamic Corp 


anode and cathode areas there is a flow 
of electrical currents through the inter- 
vening electrolytes of greater or lesser 
with this 


resistance. In accordance 


theory it may be assumed that mois- 
ture is the first and principal cause 
Where this is augmented by acid or 
alkaline of attack 


is greatly accelerated. Electrolytes such 


conditions the rate 


as smog atmosphere, salt atmosphere 


and salt water all contribute to the 
more rapid destruction of insufficiently 


protected metals and certain alloys 


Of outstanding importance on re 
sistance of a metal to corrosion is the 
presence of a protective surface film 
or the creation of such a film after the 
beginning of corrosive attack. In the 
case of aluminum, and also magnesium 
this film plays a decisive role. Their 
position in the electromotive series 
indicates that both these metals must 
be rated as baser metals. The high 
chemical stability which is exhibited 
by aluminum and its alloys comes from 
the fact that an insoluble oxide skin is 
formed when oxygen or certain oxy 
gen-containing compounds, for exam 
ple, water, are present. This skin is 
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translucent and very thin but neverthe 
less quite impervious and closely ad 
herent, thereby protecting the metal 
from further attack 

By this oxygen-cuntaining protective 


film aluminum is rendered 


passive 
Anodizing of aluminum builds the film 


to greater thickness and yields an 


amorphous coating. Magnesium, when 
exposed to the air, covers itself with a 


carbonate and sulfate film under the 


influence of carbonic acid and sul 


phuric acid contained in the ait 

It is believed that stainless steel owes 
part of its corrision resistance to the 
presence of oxide film which may be 
icquired naturally or insured by im 
hot 50 


mersion in acids such as 


per 
cent nitric ac id 
The 


coatings to the corroding media largely 


resistance of these conversion 


determines the behavior of 


the metal 
A progression of the corrosion is pos- 
sible after the film has been dissolved 
by the corrosive agent, or if pores or 
injuries are present in the film which 
are not repaired by the effect of the 
attack or are 
secondary reaction of the agent 


corrosive enlarged by a 


Visible Forms of Corrosion 


All attack 


surface of the metal where it 


corrosive starts on the 
is ex 
posed to the corrosive environment 
Since corrosion originates on the sur 
face there is evidence on the surface 
when the attack is in progress. How- 
ever, this attack may not be visible on 
a structure where it is covered by as 
sembly. If the 
corrosion will work into the base ma- 
terial and mechanical 
physical properties of it 


allowed to progress, 


destroy and 


UNIFORM ETCH. The 


produced by direct chemical attack, 


surface effect 


such as a caustic on aluminum alloys, 
acids on steel, and water on magnesium 
alloys is a uniform etching of the 
metal. On a polished metal surface this 
type is seen by a general dulling of the 
surface. If the etching agent is per 
mitted to constantly wet the surface, 
the action will result in the complete 
erosion of the metal 


PITTING. This type corrosion occurs 
on metal alloys wherein galvanic cor 
rosion occurs between individual crys- 
tals of the various and different con 
stituents; it is the most common type 


of corrosion on aluminum and 


mag 


nesium alloys in aircraft. It is first 
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ENVIRONMENTAL ELECTROLYTE 


Low metal-ion concentration 
\ 
\ 


High metation concentration 


Preventive Measures: 


Sealing compound fillet 


Sealing- compound or tope in faying surfaces 


Concentration cell corrosion, metal ion type 


ENVIRONMENTAL ELECTROLYTE 


High oxygen concentration 


| 
! 
I 
І 
| 
f 
t 
f 


tow oxygen concentration 


Aluminum alloy sheet 


Concentration cell corrosion, oxygen cell type 


noticed as a white or gray powder that 
When the 


is Cleaned away, tiny pits or holes are 


blotches the surface leposit 


observed in the surface. Pitting may 


ccur in any type metal 


INTERGRANULAR 


rosion is a selective attack on the grain 


This form of cor- 


boundaries of a crystalline 


structure 
Metals consist of tiny grains, each of 
these having a clearly defined boundary 
which, from the electromotive point 
of view, differs in potential from the 
grains. The boundary and the crystal 
react with each other as an anode and 
cathode in the presence of an elec- 
trolyte. This phenomenon, when en- 
hanced by high stress, is known as 


stress Adjacent dissimilar 


corrosion. 
metal couples appear to aggravate such 
corrosion. Poor heat treatment of the 
high strength aluminum alloys makes 
the metal more susceptible to this 
form of attack; it is not readily evident 


visually on the surface in early stages 


1956 


EXFOLIATION. Exfoliation corrosion 
effect is the lifting up of the surface 
and indicates severe propagation of 
intergranular corrosion. It is most often 
seen on extruded section of aluminum 
alloys where the grain thicknesses are 
usually less than in rolled forms. How- 
ever, sheet forms sometimes indicate 
intergranular 
attack. It is also evident on steel with 


delamination caused by 


severe rusting 


Electro-Chemical Corrosion 


The identification of the mode of 


attack, and means of treatment may b« 


local 


sion; galvanic cell corrosion; concen- 


classified as follows cell corro 
tration cell corrosion 

Corrosion attack, however, may be 
of one or more of the above types or a 
combination of types 

Local cell the 
surface of a single unprotected piece 
of metal exposed to environment. This 


C7 


corrosion occurs on 





is the simplest form of corrosion and 
the easiest to correct through applica- 
tion of a protective coating. All metals 
are crystallines in structure and the al- 
loy constituents vary from crystal to 
crystal, and in addition, the grain 
boundaries may have a different elec- 
tro-chemical potential. 

Local attack takes 
place irregularly at separate points on 
the surface and penetrates into the in- 
terior of the metal. It is always pro 
voked by local cell action which is 
caused by the presence of heterogene- 
ous alloy crystals surface impurities, 
or simply to an uneven oxygen distri 
bution on the surface of the metal 
The corrosive agent does not act in an 
oxide dissolving manner in this case 
but serves as an electrolyte of couples 
formed locally. If the corrosion prod 
insoluble in the corrosive 
media, they further decrease the oxy 
gen diffusion to the anodic points. The 
attacked areas covered by the effluent 
thus remain anodic 
corrosive action 


cell-corrosion 


ucts are 


and enhance the 


Deposits such as soot or metallic 
dust will set up local cells that enhance 
the progress of this form of corrosion. 
The absence of rainfall to wash off 
contaminates and the accumulation of 
dirt and soot will badly corrode clad 
aluminum alloys in a period of a few 
weeks’ exposure to atmospheric condi 
tions. This type corrosion is first no 
ticed by a general dulling of the sur 
face and then a general pitting 

Galvanic 
than metal 
which takes place when two conditions 


cell corrosion is a faster 


normal corrosion of a 
exist: two metals having differing elec- 
trochemical potentials are in electrical 
contact. Both are exposed to an elec- 
trolyte, such as smog atmosphere, salt 
atmosphere or salt water. Under these 
the noble 
rodes more rapidly than it would if 
exposed by itself, while the more noble 
metal corrodes more slowly securing 


conditions less metal cor 


anodic protection from the less noble 
metal. The greater 
potential between the two metals the 
stronger the tendency for galvanic cell 
corrosion 

While this corrosion develops, an 


the difference in 


electric current is generated by the two 
metals іп The 
strength of the current produced is a 
good measure of the rate of corrosion 
taking place on the less noble metal 
The general reaction taking place is 
similar to a dry cell battery or a similar 
galvanic cell where a zinc anode (less 


Cs 


electrical contact 


Table I—Corrosion Preventives, Solvent Cutback, Cold Application, 
for Ferrous and Nonferrous Metals 


Preventive 
Classification 


Present 
Spec 


Hard film (175 F. melting | 
point of non-volatile frac- | 
tion) 


MIL-C-16173 
Grade I 


Hard film (150 
melting point) 


160 F. | MIL-C-16173 


Grade 1A 
Soft film MIL-C-16173 
Grade II 


Water displacing film MIL-C-16173 


Grade III 


Grades 1 and 1A 


Physical 
Description 


Superseded | 
Mil. Spec. | 
| 

| 


MIL-C-6708 
Type I 


Medium heavy liquid pro 
ducing a glossy black film 


AN-C-53 
Type I 


1409 
(Ord) 


Heavy liquid 
Brush only 


MIL-C-977 
Grade II 


Liquid polar type, amber 
colored, soft wax film 


AN-C 
Type I 


124 


MIL-C-972 
Grade III 


Thin liquid, 
light 


polar type, 
imber oily film 
52-C-18 

Grade III 


(a) For protection of metals when exposed to outdoor weather conditions 


(b) For general purpose, preservation, indoor or outdoor 
cover, for domestic and overseas shipment where a dry 


required 


Grade II 


(a) For extended undercover protection of interior or 


without 
film 18 


with or 
touch 


exterior surfaces of 


machinery, instruments, bearings or material with or without the use of 
supplementary barrier materials. 


(b) For outdoor protection of material for a limited period. 


Grade III 


(a) For use where water, saline solution, must be displaced from corrodible 
surfaces and the corrosion prevented or arrested 


(b) For protection or interior surfaces of machinery, 
under cover for limited periods 


instruments or material 


(c) For protection of critical bare metal or phosphated steel surfaces for 
extended periods when covered with satisfactory barrier materials 


All above materials are applied at ambient temperature by brush, dip, or spray 
(except Grade 1A) and may be removed by petroleum solvents, emulsion cleaners 


or degreasers 


noble) suffers accelerated corrosion 
while a graphite cathode (more noble) 
suffers not at all. The battery exempli 
fies generation of the electric current 
associated with galvanic cell corro 
sion 

It is possible to determine the po 
tential tendency for metals to corrode 
by galvanic cell action by consulting 
Table IV. Metals with the same group 
number have slight tendency to pro 
duce galvanic corrosion on each other, 
shown on the table by zero difference; 
however, the larger the difference the 
greater the possibility for galvanic 
corrosion. The difference is not arith 
metic; a combination with a difference 
of four does the 


combination of 


not indicate twice 


corrosion rate of a 


metals with a difference of two 


[he areas of two materials forming 


a galvanic cell have much to do with 


the rate of corrosion. The rate of gal 
vanic corrosion is determined by the 
ratio of the cathodic (protected end) 
metal’s area to the anodic 


end ) 


(corrode | 
metal's: for example, if a piece 
of magnesium of two square inches in 
area is coupled to a piece of aluminum 
of 100 square inches, the galvanic cor- 
rosion rate would be fifty times faster 
than if they were of the same area. For 
this reason it would be dangerous to 
use aluminum rivets in stainless steel; 
however, it would be safer to use 
stainless steel rivets in aluminum 

An example of the effect of anodic 
to cathodic a sheet of 
Alclad 2024 material replaces a sheet 


of anodized 2024 in an assembly sub- 


ratio is where 
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Table I 


Present Mil 
Spec 


Preventive 
Classification 


Hard film MIL-C-11796 


Class 1 


Hard film 


non-slick 


MIL-C-11796 
Class 1A 
Medium film MIL-C-11796 
Class 2 

Soft film MIL-C-11796 


Class 3 


Corrosion preventive compound is intended for application to military 
as illustrated in the following nonmandatory 


MIL-C-6708 
Гуре 


MIL-C 
Type 


Corrosion Preventives, Petrolatum, Hot Application 


Superseded 
Mil. Spec 


Physical Description 
Firm, waxy, transparent film 
II apply 165-200 F 
1516 film 
C 165 


Firm, non-slick 
200 F 


apply 
Semi-firm, waxy, transparent 
film; apply 160-190 F 


Soft, 


film 


greaselike, transparent 
apply 160-180 F 


materiel, 
materials 


examples: (These are 


applied in the molten state by dipping, brushing or swabbing, except Class 3 


which may be applied cold or hot 


Class 1 


a) For 


Hard-film compound 


unshielded outdoor storag« 


b) For protection of small metal parts, either packaged 


For k indoor 


as recoil mechanisms 


ng-term 


"lass 1А 
(a) For 


Hard-film compound, non 


unshielded 


storage protection 


f gun tubes, et 


r unpackaged 


of highly finished surfaces, such 


slick 


outdoor storage of gun tubes, et« 


b) For protection of small metal parts, either packaged or unpackaged 


For long-term indoor storage protection of highly 


as recoil mechanisms 


For use in submarine 


|; 2—Medium-film 


compound 


For unshielded outdoor storage 


at temperatures not exceeding the 


pound 


For general packaging of automotive 
ditions for which class 3 compound is either too 


or too soft in consistency 


3— Soft -film « 


ompound 
For preservation of anti-fri 


For 


brushabk 


machined surfaces 


1 
and easily 


use on 


[h«c 


assembly is 


jected to a salt atmosphere greater 


portion of th« cathodic 


and much larger in area to the replaced 
The 
will be rapid even though the entire 


t} part 
he pat 


panel attack on the clad alloy 


assembly is repainted after 
replacement. 
Many factors, influence the intensity 
of galvanic cell corrosion. One of the 
most important factors is the conduc 
tivity of the complete circuit. One ex 
ample is the mooring of an aluminum 
alloy boat to a steel floating dock with 
a steel cable. The corrosion of the alu 
minum alloy boat is rapid and deleteri 
ous although the boat may be painted 
and protected in the best manner. This 
by insulating the 


can be corrected 


mooring cable 


Since the voltages developed are 
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tion bx 


for which a 


removable at room temperature is required 


finished surfaces, such 


ballast tanks 


relatively 
point temperature 


materiel in 


flow 


moderate climates, 


of the com 


under 
low in melting point, 


parts, etc., for storage con- 


rings 


protective material that is 


isually small, any permissible practice 


that imcreases the resistance or inter- 


rupts the circuit will minimize or 


eliminate galvanic cell corrosion. Par- 


tial or complete insulation of metal at 
the point of contact is effective 


Another effective means is over-all 


plating of dissimilar metals. For in 


stance, a copper-brazed joint in steel 


will form a galvanic cell, whereas if 


the assembly is cadmium-plated, no 


verall dissimilar junction will exist 


However, the plating material should 
be anodic to both the brazing alloy and 
the base material. A noted example of 
his type of corrosion is a sheetmetal 
opper-brazed gasoline engine which 
leteriorates in the brazed area of the 
water cooling jackets 
cell 


Concentration corrosion 
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type of metal destruction associated 
with crevices, scale, other deposits, or 
by any means by which differences in 
solution concentration or composition 
are established over a metal surface 
This type 


between 


corrosion causes difficulty 


faying surfaces of similar 
metals and explains the necessity of 
insulating between lap joints although 
the metals are of the same alloy 

If a metal alloy is exposed to a cor 
rosive electrolyte and the electrolyte 
varies in concentration from one area 
to another, the zone of most attack will 
be in the area of the weaker concentra 
tion. This principle also explains a 
similar rapid corrosion of metal by a 
solution containing an umequal dis 
tribution of air (oxygen) content. This 
condition is especially true of crevice 
weas in lap joints or butt joints 

Corrosive liquids dissolve metal that 
then enters solution as metal-ions. Such 
metallic 


a solution in contact with a 


surface has a solution potential that 
The 


magnitude of this voltage at a given 


can be measured in millivolts 
point depends upon the concentration 
of the metal-ions at the Solu 
that 


also develop the same kind of poten 


point 


tions contain dissolved oxygen 


tials at their points of contact with 
metallic surfaces. The relation between 
solution potential and metal-ion or 
dissolved oxygen concentrations is like 
elevator and its 


that of an counter- 


weight—as one goes up, the other 


comes down, and vice versa. Thus, an 
increase of metal-ions or of dissolved 
oxygen in a solution over a metal sur- 
face reduces the millivolts of solution 
potential, while the lowering of these 


concentrations sends the voltage up 


Effects of Concentration Cell 
Corrosion 


[here are essentially three types of 
concentration cells of direct interest 
metal-ion cells, oxygen cells and active- 
passive cells 

A typical example of metal-ion cell 
corrosion is that found around riveted 
lap joints. Such effects are caused by 
the relatively high-ion concentrations 
in fairly stagnant areas within the lap 
joint intermittent 
tion of the liquid entrapped by de- 
posits, or owing to lack of fluid flow 


owing to еуарога 


sufficient to wash away the metal-ions 
as they enter solution. Lower ion con- 
centrations encountered at 
outer surface of such joints or around 
deposits; therefore, corrosion of this 


C? 


are the 





Table III—A pplicable Specifications for Processes for Corrosion Resistance 


Process 


Anodize aluminum 
Chemical film aluminum 
Anodize magnesium 
Chemical film magnesium 
Cadmium plating 
Chromium plating 
Nickel plating 

Zinc plating 

Metal spray 

Phosphate treatment 
Passivation 

Chromic acid 


Wash primer 


Process 


Lacquer clear 
Primer Chromate 
Wash prime: 
Primer chromate 
Enamel (colors 
Sealing compound 
Lacqver (colors 
Primer vinyl 
Vinyl-alkyd 


ААА 


Process 


Protective compounds 


type is usually found at the outer edges 


of deposits or electro 


Joints since 


chemical forces try to make the con- 


centration uniform by forcing metal 


into solution at the point of lower 


concentration. An example of this 


metal-ion corrosion was discovered 
when magnesium was used as a stringer 
in contact with a sound-proofing ma 
terial. Moisture was absorbed and con 
siderable edge corrosion of the mag- 
nesium was noted 

Oxygen cells are typically associated 
with crevices or deposits that hinder 
diffusion of oxygen into solution under 
the deposit. This condition tends to 
give rise to differences in dissolved 
oxygen concentration and causes oxy 
gen concentration cells. In this in 
stance, the lower concentration and 
hence the corrosive effect, is found un- 
der the deposit or within a crevice of 
a lap joint as opposed to the metal-ion 
effect at the outer edges It is to be 


noted that these two cell effects oppose 


Ci0 


Specification 


MIL-A-8625 
MIL-C-5541 
MIL-M-3171 
MIL-M-3171 
QQ-P-416 
MIL-P-6871 
MIL-P-6859 
QQ-Z-325 
MIL-M-6874 


JAN-C-490 


MIL-S-5002 
MIL-S-5002 
MIL-C-15328 


Specification 


MIL-L-6806 
MIL-P-6889 
MIL-C-15328 
MIL-P-8585 
MIL-E-7729 
MIL-P-8116 
MIL-L-7178 
MIL-P-15930 
ZM-480 


Specification 


MIL-C-16173 


and thus tend to neutralize each other. the 
The end result and the location of the 
corrosion are determined by which cell 


Metal Surface Treatments 


Anodic coatings for aluminum and aluminum alloys 
Chemical films for aluminum and aluminum alloys 
Magnesium alloy, processes for corrosion protection 
Magnesium alloy, processes for corrosion protection 
Cadmium plating 

Chromium plating 

Nickel plating 

Zinc plating 

Metal spraying, process 

Clearing and preparation of ferrous and zinc coated surfaces 
Surface treatment for metal and metal parts 
Surface treatment for metal and metal parts 
Coating, pretreatment for metals 


Sealing and Paint Finishing Treatments 


Lacquer, clear, for aluminum clad aluminum alloy surfaces 
Primer, zinc chromate, for aircraft use 
Coating, pretreatment for metals 
Primer, corrosion inhibiting low moisture sensitivity 
Enamel, gloss, for aircraft use 
Putty zinc chromate, general purpose 
Lacquer, cellulose nitrate, gloss for aircraft use 
1 g 
Primer, paint, vinyl, zinc chromate 
Enamel, vinyl alkyd, glossy sea blue 


————— 


Corrosion Preventative Compounds 


Corrosion preventative: solvent cutback, cold application 


high-oxygen concentration arca 
which is still protected starts to act like 


the positive pole of an ordinary dry 


is the stronger. 

Active-passive cells are similar to 
but generally more powerful than nor- 
mal oxygen cells. This type corrosion 
is most likely to be found in stainless 
steels, such as chromium steels and its 
alloys, though other metals chemically 
treated to form a protective coating 
may also be affected. Certain metals 
form a tight, tough, protective oxide 
film that normally resists corrosion and 
is automatically repaired when any 
break-through of the film occurs, by 
re-oxidation in the presence of suffi- 
cient oxygen. Metals protected by such 
films are said to be in a passive state 
and, in the absence of such protection, 
in the active state. In the case of oxy- 
gen-passivated metals, depletion of 
oxygen from a liquid within a crevice 
or under a deposit favors an active 
state for these hidden surfaces. Thus 


cell and the damaged area acts like a 
negative pole. Then, like the oxygen 
cell, the current flow is similar, and 
pitting occurs within the joint or 
under the deposit. 

Contact corrosion phase of concen 
tration-cell corrosion takes place on 
metal surfaces even when covered by 
non-metallics as well as with adjacent 
metallic contact. This situation is often 
noticed in areas of lap joints sealed 
with zinc-chromate tape where the 
seal deteriorated and permitted the 
egress of moisture. Phenolics, glass and 
other non-metals that permit moisture 
to enter a joint will cause this type 
corrosion if moisture is permitted to 
enter. Exposed voids in metal cement- 
ing are another source of trouble. Thus, 
it is essential to have a small fillet of 
the sealant exposed at the edge of fay- 
ing surfaces and a small space pro- 
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Table 1V—Potential Tendency for Galvanic Corrosion 


ANODE —CORRODED END (Less Noble CATHODE--PROTECTED END (N 


CATEGORY ZIZISISISMISISINIS 


n 
jer 


METAL OR ALLOY 


50 sol 


CATEGORY 


Magnesiu 
Magnesium alloy 
Cadmium 

Steel wrought 
Steel cast 

Mn bronze 
Brasses 

Al bronze 
Titanium 


50 


Magnesium 


Magnesium alloy 


Less Noble 


Zin« 


Clad 75S 


END 


75S-T6 


Cadmium 


ANODE—CORRODED 


| 
€i cast 


50-50 sold 


Lead 


t 


Tin 


NI 
N 


Mn bronz 
Brasses 
Al bronze 
Copper 
Nickel 


Inconel 


^ 
2. 
i 
^ 
a 
مد‎ 
[э] 
О 
au 
E 
a 


Type 410 
Type 431 
18-8 stecl 


Titanium 


CATHODE 


Мопе! 
Silver 


Graphite 


— 


Stainless steels, nickel and Incone re 


Each metal on the chart is considered 


vided between butt Joints te | 
an area for the sealing material 

Corrosive attack in areas of break 
through on metal surface protected by l[EMPERATURI 
coatings, such as paint, sealers, protec rosion depends « 
tive oils, and greases, arc usually severe liquid phase, it ten ls t« 
because of the metal-ion form of con in increase in temperature 
centration-cell attack. If adjacent areas uir is boiled out of the solution 
arc exposed on a painted surface. ever, temperature aids in evap 


metal-ions build up rapidly and the the liquid under environmental condi REFERENCI 
corrosive energy is concentrated in tions, and therefore corrosion is less Factors and 
+ ] H рег 
LIC 

Div 


} 
151 


hese small areas, usually resulting in — severe in hot dry climates such as 
the development of pin holes through desert, as compared with sé 


sheet surfaces. This local attack is more ireas. When the corrosive mx 
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materials and metals. 


Industrial Applications 
of CERAMICS 


|. SMOKE * J. H. KOENIG, 


School of Ceramics, Rutgers University 


Applications of ceramic materials are discussed on the basis of 


the following material properties: Refractoriness, 


hardness, thermal conductivity and expansion and strength 


CERAMIC PRODUCTS ARI 


made of 


DEFINED às 


those inorganic materials 
which are usually subjected to high 
temperatures during fabrication. They 
embrace a wide range of products hav- 
ing many unique properties. Among 
these are: refractoriness, hardness, ther- 
mal conductivity, thermal expansion, 


and strength properties. 


Cn 


Refractory ceramic materials offer a 
wide selection of furnace parts and ap 
plications at high temperature. The 
presence of glass and/or other crystal- 
line phases determines refractoriness 
and use. For example, a part contain- 
ing 86 per cent alumina can be used 
continuously up to 2,550 F; another 
containing 96 per cent, up to 3,050 F; 


while pure recrystallized alumina-con 
taining no glass can be used up to 
3,520 F. 

The property of extreme hardness 
makes ceramic abrasives indispensible 
in the fabrication of metals and other 
Titanium boride 
Knoop value of 2720 and boron car- 
bide at 2800 were the hardest known 
synthetic materials; 
monds have now been synthesized 


materials with a 


however, dia 


The extreme hv ness and durability 
of diamond makes it of economic sig 
nificance even though its initial cost 
is high. 
Ceramic products cover a wide 
range of thermal conductivity from 
0.05 to 125 Btu. This range includes 
mate 


thermal insulators to 


with 


the best 


rials conductivities exceeding 


aluminum. Similarly the thermal ex- 
pansion range is wide. Linear thermal 
expansion plus 12.8 to 


minus 5.6 x 


ranges for 
1076 in./in./( 
to 700 centigrade 


trom 25 
Strength values also have a wide 
range and the effects of temperature 
on strength are in most instances slight 


Refractory Properties 


In Fig. 1 is shown the melting tem 


peratures of some ceramic materials 
along with those of several metals 
The melting temperatures of the basic 
crystalline phases of most ceramic ma 
terials are quite high starting in the 
range of 3,000 F; iron melts at 2,895 F 
clinoenstatite, 


Ceramics made of 


titania, silica, mullite, forsterite, alu- 
mina, spinel, zircon, beryllia, zirconia, 
magnesia and thoria are oxide-types 
All but the first two are used as refrac- 
tory materials where high-temperature 
processing is involved. Applications 
furnace liners in heat-treating 
from 


include 


of metals; recovery of metals 
their ores; alloying of metals; recovery 
of petroleum products from crude oil; 
and others. Thoria has a very high 
melting point, however, it is radioac- 
tive. Silicon carbide is used as a refrac- 
tory and to a large extent as kiln furni- 
ture. Boron carbide has a high melting 
temperature but it is used only fv: 
special applications 

Other carbides, sulphides, nitrides 
melting 


le 


and borides have still higher 
temperatures but have only been mac 
experimentally or on a very limited 
scale because of the rareness of some 
of the elements involved and the pro- 
tective atmosphere necessary in using 
these materials. They are being used 
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experimentally in engines such as jets, 


rockets, and others 

The highest melting point metal is 
tungsten which melts at approximately 
6,100 F. Zirconium and 
hafnium carbides, and graphite have 
melting temperatures above this. Haf 


tantalum 


nium carbide has the highest melting 
temperature known of approximately 
520 Fahrenheit 


Ceramic products are generally a 


mixture of one or more crystalline 
phases with glass, the latter material 
varying up to approximately 45 pet 
cent. This glass content affects the re- 
fractory properties. Included in Fig. 1 
is a graph of the “safe continuous op 
erating temperature” of some of these 
ceramics. The best glasses can be used 
continuously only up to approximately 
900 F and 


forsterite can be 


1. 800 I 


Steacite 
used continuously to without 
distortion as technical ware, or where 
dimensional tolerances in the range of 
plus or minus 1 per cent are prereq 
when used as fur 


uisite. Forsterite 


nace parts, operates successfully up to 
4.000 Fahrenheit 

Normal porcelains have been used 
up to 2,185 F. Zircon, operates well up 
to 2,650 F. Silicon 


carbide, which is 


parts, stands 


used as furnace 
proximately 2,750 F in 

tive atmospheres can 
higher temperatures. Some 


? 750 F is 


types are 
used to an electrical heating 
] | 1 f their low el ical 
ciement because ol ег IOW electrica 


resistance. Silica is used principally as 
a refractory in open-hearth furnaces 
the 


Mullite 
up to 3 700 


where 
4000 F 


temperature approaches 


1 


refractories are used 


Fahrenheit 
h safe 
temperature 


continuously 
Zirconia 

continuous operating 

1200 F) 


stabilized form is used as furnace parts 


provides ery hig 


the fused 


(about and in 


and zirconia are applied to 


to 0.010 in 


by the flame-spray process. This type 


Alumina 
metals in thicknesses up 
coating omise for 


parts, 


shows pr engine 


abrasion-resistant coatings and 


erosion-resistant parts 


Hardness 


Hardness ranges from 30 on the 
Knoop scale for thé 


OOO tor d 


mineral gypsum 
mond as shown 


400 to 


to above 


in Fig Glasses range from 
500. The hardest metals 
steel at Rockwell C 60 


proximately 750 on the 


are hardened 
which is ap 
Knoop 


fall in 


| 
эса 


iterials this 


Several ceramic n 


range also but the majority of ceramics 
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Boron carbide (2800) 


be n ——— 


31% Titanium boride-69% Boron carbide (wt) (2750) 


اا 


Titanium boride (2720) 


Silicon carbide (2500) 


Titanium carbide (2460) 


Zirconium carbide (2090 


Alumina (2000) 


Tungsten carbide (i880) 


emented corbide (1400 - 1800) 


Zirconium boride (1560) 


Beryllia (1220) 


Quor tz 


(800) | 


f Hardened steel (Rockwell C - 60.5)( 740 


س 


Glasses (300-500) 


Calcite (130) 





2— Hardness of ceramic 


Fig 
materials and steel 








lia porcelain (30-90) 
—T—- 

Magnesia (27) | " 

hermal 


BTU/hr) 4sq ft) / 


at 140F 


Classical ceromics (0.5-5 


Thermal insulation (0.03-0.5) 


possess greater hardness. The cemented 


carbides are made of synthetic ce 
materials such as 
and 
Knoop hardness numbers of which 


range from 1400 to 1800. They are 


ramic tungsten, ti- 


tanium tantalum carbides the 


used as tools for machining metals to 


] 


lose dimensional tolerance 


Alumina has a value of 2000 and is 
ised as a grinding and lapping com 
pound, and as the abrading media in 
grinding wheels for machining steel 
Y relatively new application is as tool 
bits for machining metals. Ceramics 
offer advantages over cemented car 
bides for high-speed finishing of met 
ils, machining of carbon and certain 
types of plastics. This extreme hard 
ness and the fact that this type ceramic 


can be fabricated to extremely close 


limensional tolerance lends itself as 


wear-resistant parts such as gages, bear 


ings, thread guides, nozzles and others 


1956 


conductivity 


(F/ft) 


— Thermal conductivity 


materials 


Fig. 3 
of ceramic 


As bearings this type ceramic has been 
claimed to outwear metal bearings 65 
to 1. As 


hardened 


gages they are superior to 


metals as they are volume 


stable with respect to time and tem 
perature 

Silicon carbide, with a Knoop hard 
ness of 2500, is one of the most impor 
tant abrasives in terms of lapping and 
grinding, and as grinding wheels. It is 
used for fabricating very hard, dense 
materials such as ceramics, cemented 
carbides, cast and chilled iron and non 


ferrous metals 


Thermal Conductivity 


Ceramic products cover wide 
range from near zero up to 125 Btu as 
shown in Fig. 3. In the very low range 
of thermal conductivity a variety of 
thermal insulating materials are manu 


factured from mineral products such as 


C13 





steel (15) 
Magnesio (12.8) 


Forsterite (10.6) 


Room temperoture - 


Kovor (9.2) 
700C (1292F) — 


Beryllio (8.4) 
Alumina (8.C 
Steatite (78 
Spinel (6.6) 


Porcelain (6.0 


Wollastonite (59 


Zircon (46 


asbestos, magnesia, diatomaceous silica, 


refractory clays, mineral and 


glass 


wools and synthetic fibers; these are 
used from below room temperature to 
above 3,000 F as drier, oven and fur- 
nace liners and backings, pipe cover- 
ing, and numerous cther applications 


Ceramic products in general are 


characterized by low thermal conduc 


tivity. Approximately 98 per cent of 
all products manufactured have ther 
mal conductivity values no higher than 
5 Btu. Thermal insulators having a 
range of values from 0.03-0.50, Fig. 3, 
contain up to 50 per cent void or pore 
space. Magnesia is such a thermal in 
sulator, yet Fig. 3 shows it to have a 
value of 27. To attain its highest ther- 
mal conductivity value a ceramic must 
approach its highest specific gravity, 
that is, be free of pores or voids. Alu- 
mina ceramics have high thermal con- 
ductivity values up to 10 Bru. One use 
tor this material, partly because of this 
property, is for spark plug insulators 

Tin oxide has a value of 17 but has 
not been industrially used to any ex- 


tent in 


ceramic bodies. Dense 


mag- 
nesia is used as electrical insulation in 
Above 
only dense ceramic material is beryllia 
ind 
and 


vacuum tubes 


magnesia the 
its value is 125 Bru as compared 
to aluminum at 118 and copper at 218 
By combining beryllia with other c« 
ramic materials a range of porcelains 
can be made the thermal conductivity 
of which ranges from 90 to 30 Btu. 
Some spark plug and high-frequency 
insulators, 


Cu 


where high thermal 


con- 


opodumene (-O.04 -OO0 - +0.5) 


Fig. á—Coefhcient of linear ex 


pansion of ceramic materials. 


ductivity is of importance, have been 
made from beryllia and beryllia por 
celains. However, owing to the toxic 
effect of this material, the use has been 
limited. It is now considered that this 
material can be used safely when thc 


proper precautions are taken 


Thermal Expansion 


Ceramic materials are manufactured 
which cover the range of linear ther- 
mal expansion from 0.5-13 x 10-9 in.// 
in./deg C between room temperature 
and 700 C as shown in Fig. 4. Mag- 
nesia has the highest thermal expan 
sion at 12.8 


values in the range of 15 over the same 


Low-carbon steels have 


temperature range while copper is ap 
proximately 17. One of the prime ap 
plications of a desired high thermal 
expansion in ceramics is in glass-to- 
metal and ceramic-to-metal seals for 
electron tubes and other vacuum-tight, 
strong, high-temperature seals 

There are two types. of seals. The 
compression type is exemplified by 
copper and forsterite or alumina, and 
Kovar and alumina. A metal of higher 
thermal expansion surrounds the ce 


ramic of thermal 


lower expansion 
which, when soldered together, results 
in a strong vacuum-tight compression 
seal. The other type is the matched seal 
in which the thermal expansion of 
metal and ceramic is approximately 
the same. Glass-to-Kovar is a glass-to 
metal seal of this type. The iron-nickel 


series of alloys cover a wide range of 


thermal expansion and a thermal ex 
pansion match can be found for most 
ceramics, however, only over a limited 
temperature range. 

Invar is a low-expanding material at 
relatively low temperatures but tends 
to increase quite rapidly as the tem- 
perature is increased. In the realm of 
ceramics, much lower thermal expan- 
sions are possible. In fact there are two 
types which actually contract on heat- 
ing. Both are lithium aluminosilicates 
The one type exhibiting the low posi 
tive to low negative values (Fig. 4) is 
the crystalline phase beta-spodumene. 
It can be made to have no contraction 
or expansion up to 600 C. Betaeucryp 
tite is the other crystalline phase; its 
coefficient of linear thermal expansion 
is minus 5.6 x 10-9, 

This material has not been 
made in the nonporous state and be- 


latter 


cause of its very high degree of con- 
traction, has found little use. However, 
the beta-spodumene is quite important 
(to 2,200 F) 
of high thermal shock resistance. Some 
dental 


as a refractory material 


uses include trays on which 


products are rapidly fired; tubes 
billets are heated to 


temperature by 


through which 


forging induction 
heating; and in the firing of certain 
ceramic white wares. It is being used 
as either zero or low-expanding tubes 
in dilatometers for determining ther- 
mal expansion of ceramics and metals 
at higher temperatures. It is being 
evaluated as a base material for preci- 
sion electrical resistors and capacitors 
where dimensional variation with tem 
perature is detrimental 

Thermal shock rela- 


tively high in most porous ceramics 


resistance is 


because of inherent structure. How 
ever, where strong ceramics are desired 
porosity must be minimized. In dense 
ceramics, the thermal shock resistance 
is dependent to a marked degree on 
thermal expansion, the lower the ther 
mal expansion the higher the thermal 
shock resistance. Similar specimens of 
an alumina ceramic with coefficient of 
linear thermal expansion of 8.0, crack 
when quenched into water at 


temperature from 400 F 


room 
Beta spodu- 
mene bodies, the thermal expansion of 
which approaches zero, have resisted 
failure when quenched from 2,200 F 
to water at room temperature 

Thus, ceramics are being produced 
or can be designed with coefficients of 
linear thermal expansion ranging from 
+128 to —5.6 x 10°6 in./in./deg C 
from 25 to 700 centigrade 
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Forsterite B5 


Fig. 5 
and 


of ceramic 





Transverse 


Tensile Compressive 
- 3 


Strength 


The compressive strength of ceramic 


materials covers a very wide range 


from materials so weak that they can 


be crushed between the fingers for 
some heat insulators, to values as high 
as 600,000 psi for a mixture of 31 per 
cent (by weight) titanium boride and 
69 per cent boron carbide. In general 
for more or less conventional ceramics 
with tensile strength at unity, the 
transverse strength is approximately 

and 


times the compressive strength 


varies from 8 to 10 times the 
One 


tensile 


tensile 


strength commercial alumina 


body has strength of 27,000 
psi, its transverse strength is 50,000 
psi, while its compressive strength is 
290,000 psi. Alumina bodies with 
compressive strengths as high as 400,- 
000 psi have been reported 

The values given in Fig. 5 are opti 
mum values and these tend to decrease 
either with a decrease in the basi 
crystalline phase or with increase in 
pore volume. For example, alumina се 
ramics are manufactured as special re- 
fractories with compressive strengths 
of the order of 11,000 psi while that 
of the completely nonporous material 
used as wear-resistant parts and ele 
trical insulation has a compressive 
strength of 290,000 psi. This extremely 
strong material is being used as extru 
sion and pressing die parts, precision 
gages, 


plungers for reciprocating 


pumps, mechanical seal parts, bearing 
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Tensile, 


compressive 


transverse 


strengths 


materials 


sleeves, liners for pumps and impeller 
wear parts, thread guides, and as high 


frequency insulation particularly fot 


vacuum-tight ceramic-to-metal seals 
Beryllia is another extremely strong 


ceramic with a compressive strength 


of 188,000 psi and transverse strength 


of 35,000 psi. Steatite, forsterite and 


zircon ceramics have compressive 


values between 75,000 and 


90.000 ps! 


strength 


Steatite is the 


most eco 


nomical of the group t manufacture 
It is used very extensively as electrical 
insulation high-fre 


quency applications and at moderately 


espec ially ror 


elevated temperatures because of its 
high strength, excellent electrical in 
sulating properties, and the ability to 
fabricate this material to close dimen 


sional tolerance. Porcelain, glass 
bonded mica and cordierite have lower 
compressive strengths in the range of 
35,000 to 50,000 psi. Porcelain, be- 
cause of its strength, ease of manu- 
facture and general durability, is used 
extensively for domestic and technical 
ceramics 

Ihe effect of temperature is shown 
in Fig. 6 on the strength of some ce 
materials 


ramic A beryllia ceramic 


with a tensile strength of 


approxi 
mately 14,000 psi at room temperature, 
is still 5,000 psi at 1,800 F; its trans 
verse strength at room temperature is 
20,000 psi and still 11,500 psi at 1,800 
F; while its compressive strength at 
he lower temperature is 110,000 psi, 


50,000 psi at 1,800 F and 7,000 psi at 
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Fig. 6>—Strength vs temperature 


of some ceramic materials 


912 Е 


temperature transverse strength 15 88 


borides room 


Chromium 


000 psi and remains constant to 1,700 
F. Zirconium boride exhibits the same 


effect over the same temperature range 


with a value of 66,000 psi, and 


',200 F this value only drops t 


pounds per square inch 

The 
material 
90.000 psi at 


titanium boride-boron carbide 


has a transverse strength of 
room temperature and 
lrops steadily to ' 200 I 


It is 


3.000 ps! at 


these high-strength properties 


at high temperatures that are of ex 
treme interest for high-temperature 


R 1 1 mes 
| 


DC 


engines and air frames 


which house radar equipment are 


ing made of ceramic materials because 
of these properties. One laboratory is 


experimenting with actual missiles 


made entirely of ceramic materials 


[he reason: as the spec | increases, the 


temperature also increases and it ap 


pears that only ceramic n 


teriais can 


withstand the extreme 


conditions 
temperature and 


be encountered 


pressure whi Will 


The qualities discussed, plus 
range of electrical and che 


make 


important 


erties, ceramics an 


engineering m 


REFERENCI 
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Ceramics, Rutgers University, New Bruns 
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Double Image 


Fig. 1—To avoid double images around the edges of second Fig 
surface decorated parts, external corners should be gener 
ously rounded where the first surface meets the return 


IN THE DESIGN of transparent plastic 
parts in which good appearance, crisp 
detail, and undistorted visibility are 
important, 
more than the play of light and shadow 
on the external surfaces. Study must 
aiso be made of the manner in which 
refraction changes the paths of the 
light rays that enter the material and 
then return along the lines of sight 


designers must consider 


Designing with transparent plastics 
requires specialized knowledge to in 
sure success. The observance of the 
following basic considerations, how- 
will result in esthetically 


ever, more 


acceptable parts and fewer rejects 


Basic Design Considerations 


AvOID FLAT PANES. Every flaw is 
visible in a flat mirrored surface. A 
slightly crowned surface reflects only 
a band of light that minimizes minor 
flaws, contamination particles, and un 
even clear undercoat paint film layers 
This slight curvature also helps to 
overcome irregular first surface reflec 
tions caused by sink marks and imper 
fect mold finishing. Crisp detail can b« 
achieved without absolutely straight 
ines across surfaces or edges. 
AVOID ABRUPT 


CHANGE OF FORM 


Sudden changes of plane on external 


surfaces create prismatic distortions of 


С 


Triple image 


ngle Image 


› 


and internal corners of the second surface 


Avoid repeating on the first surface the sharp peaks 


Such repetition 


results in a double or triple image of the peaks 


Transparent Plastic 


vision through the transparent part. 
They can produce annoying double 
images as shown in Fig. 1, especially 
around the edges of second or rear sur 
face decorated parts. To avoid double 
external 
as gradually and generously radiused 


images, corners should be 
as the designer can reasonably and 
consistently make them. 

First surfaces should be smooth, 
without recesses that may catch dirt, 
and have no corners that may chip 
easily 

Style the second surface, not the first 
The 


express a design motif in terms of 


second surface is the place to 
changes of plane; of crispness versus 
softness; and of break-up of the over 
all area into contrasts of texture, color, 
and form 

Bezels or frames having metalized 
second surfaces frequently are made 
integral with transparent lenses, deco- 
rative escutcheons, parking lights, dial 
covers, appliance controls, and medal- 
lions. In these parts, care should be 
taken to avoid repeating on the first 
surface the sharp cross sections of the 
metalized second surface 

Such repetition results in a double 
or triple image of the sharp peaks 
caused by complex refraction of the 
sight lines and a view edgewise down 
through the clear material as shown in 


” 


Fig. 2. Most of these aberrations can 


be minimized by keeping the first sur 


smooth and | 


1 à 
face generously radius¢ 


MARKINGS AND Copy. Dial markings 


or other copy on transparent sec 
through parts are generally more dur 
able and legible when applied to the 
second surface. Whether hot stamped, 
silk-screened, wiped-in, or mask spray 
ed, such indicia tend to show up better 
whether edgelighted or viewed under 
front ambient light. Again, the avoid 
ance of perfectly flat surfaces on the 


exterior reduces the annoyance of first 
surface reflections 
Dial windows should be canted for 
ward at the top or curved concavely to 
such reflections 
a dark back 
The back 


shi uld be ap 


further reduce 


On edgelighted dials 
ground color 


ground 


1$ helpful 


color, however 


plied to a separate background material 


and not to the second surface of the 


clear plastic. Dark colors applied to 


the surface of a transparent material 


absorb the light rays that are intended 


to be internally reflected across the 


part, thus such colors hamper the even 
farthest from 


illumination of indicia 


the light source 
RELIEF ON SECOND 


In parts of thick section, 


Use SHALLOW 
SURFACES 
where it is desired to locate rear sur 


face decorative motifs deeply into the 
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Incorrect 


Гор surfaces of metalized inter- 
should have 
shallow crowns or peaks to avoid inter- 
nal reflections and loss of brilliance 


Fig. 3 


nal decorative elements 


Part Design 


part, the top surfaces of the decorative 
elements should be kept shallow in 
crown or faceting with steep returning 
sidewalls as shown in Fig. 3, but with 
sufficient draft to insure ease of mold 


release and also the application of 
decorative coatings 

Vacuum metalized letters with mir 
ror bright surfaces beveled at 45 deg 
angles will produce internal lateral 
the Such 


bevels result in annoying reflections of 


reflections through part 


adjacent letters or motifs and loss of 


brilliance in materials with marked 


edge color 
with a shallow 


Beveled surfaces 


pitch of 15 to 25 deg avoid this internal 


reflection. They permit the reflective 
letter to pick up ambient light coming 
in through areas of the first. surface 
close to the point where the visual 
sight line enters 

A variation of this technique ap 
halt 


is desired 


round metalized 
Good 
are obtained when the top surface of 


plies where a 
letter stroke results 
the letter is shaped to form a smooth 
three 


equivalent 15 deg beveled top letter 


arc intercepting points of an 


BEWARE OF INTERNAL REFLECTIONS 
In the design of a central theme, be 
careful that the sight line after entering 
the first surface does not reflect off the 
theme and strike the underside of the 
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Correct incorrect 


Fig. 4—Correct design permits ambient 
light to reflect on metalized decoration. 
In other design, internal reflection casts 
border color into metalized area 


first surface at an angle that prevents 
the rays emerging into air. The incor- 
rect design shown in Fig. 4 indicates 
internal 


into a 


how these reflections cast 


border color metalized area 
Bright lettering colors when reflected 
in this manner can appear as ghosts on 


a light background several inches away 


PAINT STOPS. Provide paint stops by 
a change in plane between adjacent 
color areas. Avoid carrying deep relief 
lines, fluting or waffle patterns directly 
into the side wall return of a letter 
stroke or design motif of a different 
color. Counterbore the side wall of the 
letter or motif to the depth of the 
background texture and cut off the 
background color at the straight line 
edge of the counterbore. 

It is difficult and costly to mask and 
spray an all over pattern of dots across 
a part of large size. On such parts, if 
the same color is desired in more than 
one area, it is preferable to confine the 
color to zones and use multiple masks 


CONCEALMENT OF ATTACHMENT DE- 
VICES. With transparent plastics, the 
problem of concealing attachment de- 
vices should begin with the design of 
the part 

Integrally molded lugs can be dis- 
guised by locating them in an area of 
dark paint or "light trap." They can 
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нб 


Incorrect 


5—Radius on external 
design prevents 
Sharp external corner of incorrect de- 
sign permits an 


corner otf 


Fig. 


correct view of lug 


unwanted view of lug 


Rohm and Haas 


also be located in places easy to camou 
flage like the centers of some letters 
when a medium value or darker back 
ground color IS possible 

When lugs are placed near edges or 
on the base of returns and the first sur 
face meets the return with a sharp 
corner edge and no external radius is 
provided, it 15 pt ssible го SCC down 
through the return and the integral lug 
becomes an eye-sore 

By rounding the external corner to 
thickness of the 


a radius at least the 


material, extending the return rear 


ward a length of at least three times 


the thickness, and then carrying the 


second surface background color 


around and down the return, as shown 


in Fig. 5, the lines of sight can be 


optically diverted through a wide 


ear edge 


invisible 


enough angle to make the 
of the 
when viewed externally 


return and the lugs 
Integral lugs should be large to pro 
vide strength. A generous fillet at the 
inside corners of the base of the lug 
helps to offset crack propagation. Lugs 
should be aligned with the inner edge 
of the returns so that when the part 
contracts slightly in cold weather th« 
oversized holes in the cabinet material 
are not exposed 
An allowance of !4, in per foot for 
thermal movement around the holes is 


sufficient for most transparent plastics. 
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LLOYD E. PARKS 


Vice President 
Logo, In 


IHE COATING INDUSTRY, thc term 


paint re fers to systems comp sed of 


pigments dispersed in drying oils 


Ihe plastics industry is somewhat less 


specific and usually paint’ covers 


ali decorative coatings for plastics 


Broadly, paint is a dispersion of pig 


ment in a liquid which forms a soli 


adherent film when the liquid is ap 


1 t surface 


plic 
і 


Іп general, all paints used on 


plas 


cs have resin-solvent vehicles. Thes 


paints are classified either as lacq ers 


r enamels 


When 


quer is applied to 


LACQUERS thin coat of lac 


surface, the film 
hardens by simple solvent evaporation 


The 


completely dry has the samc properties 


film is thermoplastic and when 


as the resins used in making the 


lacquer Lacquers are desirable on 


since the film 


Also, 


blotches and errors can usually be re 


thermoplastic surfaces 


hardens without baking paint 
moved with a combination of solvents 
similar to that used in the paint 

Hard durable lacquers with excellent 
adhesion to most thermoplastic surfaces 
can be formulated with such film form 
C llulose esters 


ers as nitrocellulose 


cellulose ethers, polyacrylates, and 


polyvinyls, and a host of base gums 


ENAMELS. When a thin coat of enamel 


is applied to a surface, the solvent 


Cis 


Determining the effectiveness of paint adhesion by tape test method.—(A) 


evaporates leaving a rather soft and 


otten oil like 
oxidation or polymerization or both 
The 


physical properties from that of the 


film, which hardens by 


hardened film has totally different 


resins used in making the enamel 


Oxidation may take place at room tem 
baking is usually 


perature; however, 


required to induce polymerization 


Enamels are particularly useful for 


thermosetting plastics where a high 
baking temperature would not damage 
the part 


bake 


oxidation 


Air cure and low temperature 


enamels cure essentially by 


they 


than enamels polymerized at 


In general are of lower quality 
higher 
temperatures 

A wide variety of oleoresinous mate 
rials and alkyds are used in enamels 
They cure both by oxidation and poly 
merization. Urea formaldehyde resin 
and melamine formaldehyde resins are 
excellent modifiers for improved hard 
ness and light stability. These resins 
must be polymerized at temperatures 
of 200 to 400 F, which limits their 
usefulness in finishes for thermoplas 
tic surfaces 

Enamels can be sprayed at a high 
solids content and usually have superior 
gloss. As thermosetting materials, they 
being in 


have the disadvantage of 


soluble when cured 


THERMOSETTING 
ant to 


PLASTICS are resist 


most commercial solvents; 
whereas, thermoplastics vary in their 
resistance to solvents. Accordingly, the 


development of a paint for a particular 


Good adhesion 


Poor adhesion. 


(B) 


oatings For Plastics 


thermoplastic material is limited to 
those resins that are soluble in the pre 
scribed solvents 

[he first step in developing a satis 
factory resin system is to prepare solu 
tions of available resins in an ap 
propriate solvent and test for adhesion, 
Fig. 1. Transparent “Scotch” cellophane 
No. 600 and masking tape No 


the 


tape 


02 have about adhesive 


Both 


for checking adhesion 


same 
value are acceptable standards 
When resins with satisfactory adhe 


sion are found, they are usually modi 
fied with other resins to obtain other 
properties 

At least one component of the resin 
system must be a film former, such as 
an alkyd, nitrocellulose, cellulose ester, 
Non-film 


forming resins or modifiers, of smaller 


cellulose ether, or polyvinyl 


molecular weight, may be used to 
modify the film-former for improved 


hardness, adhesion, and gloss 


SOLVENT SYSTEM. The solvent system 
depends on the type of plastic to be 
painted, the resin system selected, and 
the method of application 

The least volatile component, com 
monly called high-boiler, of the system 
hold the 
the film is completely dry to assure a 


must resin in solution until 


continuous smooth film. In a spray 
coating it is Common practice to use 
a mixture of high boiling and low boil- 
ing solvents, balanced to give a low 
viscosity for spraying and a relatively 
higher viscosity when the film reaches 
surface. This is 


the plastic accom- 
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Fig. 2 


plished by selecting low bi por 
l 


tion which will be blown away during 


the spray operation thus increasing the 


solids content and in turn increasing 


the viscosity of the wet paint film laid 
down on the plastic 


The 


spray 


amount of gh-boiler in 


paint controls the viscosity 


on the surtace 


film 


the wet film laid down 
If the 


will orange peel; if 


viscosity is too high, the 


too low, craters 


may develop and the paint will run 
away from corner and edges. Cobweb 
bing can be controlled within limits by 
solvent or thinner adjustments 

The solvent system in silk screening 
inks must be balanced to achieve slow 
drying and permit continued operation 
on the screen 

In silk 
same thickness are always applied with 


of silk. Th« 


tent and pigment to resin ratio, there 


screening, wet films of the 


a given gage solids con 


fore, must be constant to assure a uni 
The 


adjusted for 


form thickness of the dry film 


solvent system must be 


sufficient flow-out to cover screen pat 
tern, but controlled to avoid excessiv 


There 


must be no stringing of the paint when 


running at the sacrifice of detail 


the screen is pulled away and no bub 
bling in the wet film 

Highly 
acetate, and cellulose 


solvents 


plasticized vinyl, cellulose 


acetate butyrate 


absorb certain quite rapidly 
without visual effect on the plastic in 
the form of etch. With these plastics 
through-dry time of a film is length 
ened considerably, since the solvent 
must migrate back through the plastic 
and the paint film before it can evapo 
rate. Parts screened with such a paint 
will appear dry, but upon packaging 
may stick together or to the package 
Also, this removal of solvent from the 


film by absorption as well as by evapo 
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—Paint film cross sections that indicate effect of pigment-to-resin ratio on gloss 


ration renders the film immobile very 


quickly, thus reducing flow 


solvent 


Dip formulations require a 


balance to give good flow-out wit 


minimum or no Sageging 


ymplished by allowing su 


O stay in the 


for flow-out, but maintaining a balance 


t evap ration to render th« 


mobile before it sags 


PIGMENTS. When light 


mented film plastic 


surface, some 1 апа 


converted to heat, some is reflected 


ind some may be transmitted through 


the film if the plastic is clear. If the 


pigment selectively absorbs a certain 


| 
band of light and 

ler of the 
be reflected back to the 


igh 


Ihe color of the light reaching the 


wave converts 


heat, the remain 


eye 


mitted thro the film to the eye 


eye 
will depend on the particular wave 
band absorbed 

Should all be 
pigment it would come back to the 


iS a pe rfect white 


light reflected by 

eye 
All white pigments 
however, slightly less than perfect 


For 


ind undertones such 


thus accounting the various tints 


as the yellow in 


rutile titanium dioxide 

Reflection of light from a pigmented 
surface is responsible for the covering 
power of the pigment and depends on 


refractive indices 


the 


difference is great 


the difference in the 


+ 
oi 


the resin binder and 


If the 
bends as it passes successively from the 


resin binder into pigment particles and 


Most of the 
be rc 
ind back to 
Such pigments cover well and 
When 
and the pigment have the 


pigme nt 


the light 


back to the resin binder 


inabsorbed visible light will 
turned to the surface film 
the eye 
are classified the 


as opaque 


resin binder 
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Pigment should be coated with vehicle 


refractiv Index 


same 


light passes through 


Such pigments have no covering 
1 


ind are classified as transparent 


S h ni 
(i 
і 


titanium dioxi 16 


and iron oxides have 


, i 
good 


bility. Except for phthalocyanine 
indanthrene colors, few organic t« 


j 


have good light stability in tint 


Organic pigments such as tol 
BON m 
light stability in the n 


LA 


red, Hansa yellow, and 


have good 


ve g 
' ' 
fade when mixed with 
Light 


sacrificed when s 


tone but tend to 


stability п 


titanium dioxide 


* 
be ich pigme 


blended in color matches 


p} 


he t 


Bleeding IS гет 


pigment to migrate fr 
using 
different colors 


inother, thus c 
(wo 
other or where one paint 
painted over another 
Small molecular weight 
ments and soluble 
ind must be 
reactive 
be selec 
know edge of the vehicle 
Basic pigments such 


lithol 


with 


cium and zinc OXIA 


reactive certain vehicles 


Suc h 


having 
high acid values combinations 
will gel on standing thus n 
paint unusabk 

Metallic powders such as 
ind bronze are commonly used 
ments. The bronze in particular is quit« 
limited shelí 


reactive and has a very 


life in most vehicles. Usually, to avoid 


gelation, it is necessary to mix the r« 


quired amount of bronze powder im 


mediately prior to use. There are a few 


special vehicles, however, that will 





Ay 


Fresh wet films 


After some solvent loss 


Hard dry films 


PERE BLD OE AAD BL ROOD 


B3 


Fig. 3—Formation of dry films with and without humidity blush. Blush results from condensation of atmospheric moisture 


tolerate bronze powder over a long 
period of time with no gelling 

For optimum results each particle of 
pigment must be coated with vehicle, 
thus separating it from all other pig- 
ment particles in the dispersion, and 
be enclosed in a sort of resin envelope 
If the pig- 
ment to resin ratio is too high, the 


when laid down as a film 


pigment particles will protrude from 
the film thus breaking up the reflected 
light 
Fig 


with a resultant poor gloss, 


2. When flat or mat finishes are 
required it is much cheaper to add 
inert pigments, such as diatomaceous 
earth or silicates, rather than colored 


pigment to break up the light 


Problems in Paint Application 


HUMIDITY BLUSH. Humidity results 
from water which condenses from the 
atmosphere as paint is sprayed and as 
solvents evaporate from the 
film. At a point, the 


paint 
water-solvent 
mixture becomes such that the resins 
are thrown out of solution in discrete 
particles that do not adhere to one an- 
other nor to the plastic surface when 
the film is dry 

The steps in the formations of dry 
films with and without humidity blush 
are shown in Fig. 3. Freshly sprayed 
films that are still homogeneous are 
shown in A, and B,. Films from 


which considerable solvent has evap- 
orated are shown in A» and Bo; Ao 
is still homogeneous, but B» has be- 
gun to curdle or blush. Hard dry films 
are shown іп Ag and Bs. Film Ag is 
continuous, has good adhesion, and 
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should gloss well. Film B4 is discon 
tinuous and spongy, has poor adhesion, 
and will have no gloss as a result of 
severe humidity blush 

Slight humidity blush occasionally 
will cause loss of adhesion with prac- 
tically no change in the appearance of 
the film beyond a light loss of gloss 
An adhesion test, therefore, is the best 
quality control check for this type of 
failure, particularly 
with flat paints. 

Resins of the paint system are 
much more likely to be thrown out of 
solution by condensed 


when working 


moisture, if 
the solvents remaining in the wet 
paint film have a tolerance for water 
Within limits, moisture can be re- 
moved from the paint film by solvents 
which form azeotropes with the water. 
The effectiveness of the solvent for 
the resin system has a direct bearing 
on blush. Border line solvent systems 
will require only a small amount of 
water to throw the resins out of solu 
tion; whereas, a stronger solvent sys- 
tem will require considerably more 
water. The activity of the solvent 
system toward the plastic is also af- 
fected by the presence of water. Ac- 
cordingly, it is often desirable to use a 
more active solvent system when the 
humidity is high in order to hold the 
in solution and a less active 
system when the humidity is low in 
order to avoid etching the plastic. 


resins 


ETCH. Certain solvents attack or bite 
into thermoplastic surfaces leaving a 
roughened or frost-like condition 
called “etch.” Many finishes for ther- 


moplastics depend on etch for ad 
hesion. Visible etch, however, is not 
always necessary; it should be avoided 
when possible in order that parts may 
be cleaned of overspray without affect 
ing the appearance of the plastic. In 
plastics containing plasticizer and 
where the resin has physical and chem 
ical properties closely approximating 
that of the plastic, it 


avoid solvents which will etch. 


is difficult to 


Even the slightest etch may show 
up when clear parts are painted on 
the second surface. Considerably more 
etch can be tolerated when painting 
the first surface, since the paint will 
tend to cover the etch with no dele- 
film 
Severe etch is often accompanied by 


Pigmented metallics 


terious effect on the surface 
a color change 
(formulated with pigment and alu 
minum powder) which have severely 
etched the plastic surface, look darker 
than normal when viewed through the 
plastic and more nearly like aluminum 
when viewed on the surface 

The addition of inactive thinners to 
active paints may reduce or eliminate 
etch 
be added with care to avoid throwing 
manner 
Paints are 


However, inactive solvents must 
resins out of solution in a 
similar to humidity blush 
generally less active toward thermo 
plastics and tend to etch less under 
conditions of high humidity 


CRAZING. Crazing of plastic is a result 
of internal or surface stresses set up 
when the part is machined, flexed, 
shocked by impact, subjected to abrupt 
and uneven changes in temperature, 
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Fig. 4—Craze pattern on polystyrene 
molded part produced by dipping in n 
heptane indicates areas of strain 


or subjected to the action of certain 


solvents. It occurs in the form of dis 


tinct surface cracks or frost-like inter 


nal cracks when these stresses exceed 


the tensile strength of the plastic 
Well 


free of 


molded relatively 


molded 


parts are 
strain. Improperly 
parts may be so highly strained that 
they craze on cooling, or they may cool 
free of cracks but be in a strained con 
dition. When paint solvents are added 
to the surface of such parts, crazing 
will occur if the local stresses present 
plus the added stresses caused by sol- 
vent swelling exceed the tensile 
strength of the plastic 

used to 


Sometimes n-heptane is 


determine the amount of strain in 


polystyrene, Fig. 4. If parts do not 
craze when dipped in n-heptane, they 
ire relatively free of strain 

Within limits, the addition of less 
active solvents to the paint system or 
the replacement of the active solvent 
will reduce the 


the 


with a less active one 


amount of solvent absorbed by 


plastic. The strain, however, will re 
main and the parts may crack later in 
assembly or in subsequent use. Even 


water may craze parts that are ex- 


tremely strained 
high-boil 


ORANGE PEEL. Insufficient 


er in a paint formulation will allow 


a sprayed film to become immobile 


before it levels or flows out, thus 


giving a wavy or roughened surface 
called “orange peel”, Fig. 5. The sur 
face is unattractive and gloss will be 
reduced, especially if the waves are 
very small. In silk screening, the silk 
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Fig. 5—Rough  wavy surface called 


orange peel.” Such a surface is unat 
tractive and gloss is of poor quality 


marks must be allowed to level or flow 
together before the film gels in order 
to have a smooth continuous film 


CRATERS 


paint film will rupture and pull away 


Under certain conditions a 


from small areas leaving points, called 
craters”, almost void of paint, Fig. 6 
Craters occur generally when a spray 
formulated with much 


paint 1s too 


high-boiler, resulting in a low vis- 


cosity thin film being laid down on 


the surface. Such films may look uni- 
form and smooth when sprayed on a 
clean surface. However, if the surface 
is slightly contaminated with oil, dust 
or other foreign particles, or if the 
wet paint film is hit by dust, craters 
may develop 
COBWEBBING. Certain spray paints 
tend to string and agglomerate to give 
the appearance of a cobweb between 
the spray nozzle and the surface being 
painted. When such particles hit the 
surface, they tend to remain in lumps 


badly 


numerous bubbles which develop into 


ог аге aerated, resulting in 
craters or pin-holes in the paint film 

Cobwebbing can be avoided by 
reducing the solids content of the 
addition of 


thinner adjusted solventwise to keep 


system by the sufficient 
the resin in solution and atomized be 
tween the spray nozzle and the sur 


face being painted 


PLASTICIZER MIGRATION. Plasticizer 
present in such plastics as vinyl and 
acetate tends to migrate to the surface 
and may soften the paint film even 
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Fig. 6—Craters in paint film on surface 
of a plastic part caused by film ruptur- 
ing and pulling away from small areas. 


after items have been shipped. Paints 
are available which will tolerate this 
plasticizer. An accelerated test can be 
made by placing a painted specimen 
in a humidity cabinet for 72 
at 100.F and 80 percent 


humidity. This test should produce no 


hours 
relative 


softening or loss of adhesion. 


VISCOSITY. Viscosity can be controlled 
quite accurately. However, control is 
difficult when paints must be made in 
small quantities. Consequently, solids 
content and pigment to resin ratio are 
held held 


within reasonable limits 


constant and viscosity is 


COVERAGE. Often a particular opaque 
color is desired that is impossible to 
obtain. For example, iron blue is quite 
transparent. Anything does to 
iron blue to give it opacity beyond 
building film thickness changes the 
color. In reverse side application, the 


one 


best solutiom is to apply the trans 
parent color and then back it up with 
a selected opaque color to cut out the 
light. The addition of 
opaque pigments or pigments of a 
different refractive index may have 
the same color tone but will differ en 


transmitted 


tirely in appearance because they are 
no longer transparent 

Pigment to resin ratio is important 
in maintaining gloss and film quality 


REFERENCE 


1. "Color, Paint, and Plastics," by Lloyd 
E. Parks. Paper presented at 11th Annua! 
National Technical Conference of the So 


ciety of Plastics Engineers 
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Creep of Reinforced Plastics 


CREEP TESTING inherently requires that relatively long 
periods of time be devoted to individual determinations 
Therefore, when investigating the suitability of a reinforced 
plastic for service at elevated temperatures, its strength 
properties and thermal stability should be established before 
creep testing is initiated 

When it is required that the reinforced plastic withstand 
elevated temperatures for a long period of time, tensile 
creep tests alone will not predict the criteria of failure 
Other decisive behavior factors may include: Thermal sta- 
bility, tendency to delaminate, bond strength, resistance to 
vibration, and fatigue characteristics 

To obtain some data that characterize the nature of creep 
in reinforced plastics, while obtaining some specific design 
information, tests were conducted with several types ot 
laminated material. 

These materials consisted of various combinations of 
phenolic, melamine, silicone and polyester resins together 
with glass, asbestos and cotton reinforcements. A brief de- 
scription of each laminate evaluated is given in Table 
together with letter designations used for reference 

The following test methods were used to determine the 


creep characteristics, tensile strength, and thermal stability 
of the materials. Standard ASTM methods were used. 
ASTM test 


An insulated thermostated furnace was 


Tensile strength was determined using 
method D-638-52 
used to maintain the sample at the required test temperature 

Weight loss determinations were made by placing 34 by 


1 


| in. test samples in a controlled temperature forced air 
circulating oven. Thickness of samples varied from !4 to 
/» in. The samples were weighed before placing them 
in the oven and then periodically to determine weight loss 
as a function of time. 

Creep data were obtained using a testing machine having 


specially designed spring bar to maintain the load. The 


C2 


HARRY R. SHEPPARD, JR. * 
EARL H. VAN ANTWERP 


Materials Engineering Dept., Westinghouse Flectric Corporation 


Table I—Laminates Investigated and 


Reference Designations 


Asbestos Paper Phenolic (APP) 
nating phenolic resin in combination with abestos 
paper. 


High pressure lami 


Glass Melamine (GM) 
and a continuous filament glass cloth 


High pressure melamine resin 


Glass Silicone (GS-1) —A commercially available sili 
cone resin in combination with a continuous filament 


glass c k th 


Glass Silicone (GS-2) —A commercially available sili 


cone resin in combination with a staple filament glass 


cloth. 


Glass Polyester ( GPO) 
nate made using a conventional low pressure press 


A glass mat polyester lami 


laminating technique. The polyester resin material had 
moderate thermal stability and moderate high tempera 
ture strength properties 


Glass Phenolic (GPH)—High temperature phenoli 
resin reinforced with a continuous filament glass cloth 


laminated at relatively low pressure 


Asbestos Cloth Phenolic (AP)—High pressure lami 
nating phenolic resin in combination with asbestos 


cloth 


Cotton Cloth Phenolic (CP) 
ing phenolic resin in combination with a cotton 
cloth. 


-High pressure laminat 
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ASTM D 


638-52T. To permit the test samples to come t equilibrium 


test specimens were made in accordance with 
in the furnace, all specimens were held at test temperature 
rom end 


' deg F 


he test apparatus is capable of detecting movement within 


for 3 hours prior to load application. Temperature 


to end ot the specimens Was maintained within 


0.0001 in. Throughout each test, all movement was recorded 
cumulatively on a chart 


Experimental Results 


The results of short time tensile strength tests conducted 


at temperatures at which creep characteristics were to be 


studied are given in Table IL. These data were used in 
selecting loads to be used in creep tests. In creep resting, 
would not stress the 


initial loads were selected that 


mate 
rials beyond their ultimate strengths at the test temperature 

Creep testing of reinforced plastic materials at elevated 
temperatures is complicated by factors such as 

1. Thermal polymerization of the resin 
^ Thermal decomposition of the resin 
). Thermal decomposition of the reinforcement 

In this investigation, the most important effects of heat 
were those that resulted in a substantial loss in strength 
which can be normally expected to be caused by high tem 
perature and thermal decomposition 

An indication of che magnitude of loss in strength caused 


by thermal decomposition was obtained by weight loss 


Table H 


Tensile Strength at Various Temperatures 


‘ensile Strength, psi, at 


212 F 300 F 

4,800 1,700 
28,500 21,800 
22,000 17,200 


20,900 13,000 
35,700 7,500 


4,300 2,600 


4,300 400 
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the test temperature 500 I 


C NON-METALLIC MATERIALS AND FINISHES 


silicone (GS-2) 
سے لے‎ au ے‎ au سا سے سا سے گے‎ a 


م اه نے غ ع ن کیاد سے 


Усу 


Time, hours 


for the reinforced plastics evaluated 


measurements, Figs. 1 to 6. These curves 

of judging whether or not a material is suitabk 

usc at à particular temperature independent or t 
characteristics of the material 


For example; the curves of Figs 

cotton cloth phenolic laminate is unsuitab 
usage at 00 to 600 F 

The weight gain shown in Fig. | for the cott: 


and asbestos phenolic laminates is undoubtedly 


of oxidation of their laminating components 
Except for the silicone materials the weight loss of al 


At 600 I 


loss determinations showed that the glass silicones were 


materials was high at 500 F, Figs. 3 and 4 weight 


most thermally stable 


Since the primary function of the resin in the lami 


to bind the reinforcement together, the laminate 


strength rapidly as the resin decomposes provided that 


laminate is a function of the 


Whien the 


stable, however 


strength of the presence 


the resin reinforcing material is strong 


thermally creep in tension may not 


function of the thermal stability of the resin 


Creep Characteristics 


Several determinations were made on each material evalu 
ated in an effort to gain some understanding of their creep 
characteristics as a function of load and temperature 


ASBESTOS PAPER PHENOLIC (APP). Creep test data foi 


Table I1l—Creep Test Data 
for Asbestos Paper Phenolic (APP) 


Failure 
Stress Time 
psi hrs 


000 5 

400 76.0 0.0012 
400 0.1 

800 267.7 0.00263 
400 0.03 


500 * 0.00124** 


* Test discontinued without sample failure 


* Calculation based on constant rate portio 


orcement sustaining essentially all the load 
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Fig. 5 and Fig. 6—Weight loss measurements in per cent at the 


Table 1V—Creep Test Data for Glass Melamine (GM) 


Total 
Elong, 


Failure Creep 
Time, Rate, 
hrs hr 


Stress 
psi 


Sample Temp 


No F 


1 500 18,100 0 
2 500 15,000 
18,000 
18,500 
18,500 
500 19,000 
19,000 


19,500 


0196** 
0185 
0157 
0235 


3 500 
4 500 
) 500 


500 
500 


0216 
0164 


** Calculation based on constant rate portion of creep curve prior to rein- 
forcement sustaining all the load. 


this material are given in Table III. This material had à 
high weight loss at 500 F, therefore, it was unsatisfactory 
for use at this temperature. The loss in weight resulted in a 
physical contraction of sample No. 4 after 30 hours which 
continued up to 180 hours, after which normal elongation 
was observed. At 500 Е the material blistered and became 
physically unsound 

A slight tendency toward third stage creep was displayed 
before the sample broke abruptly. 

GLASS MELAMINE (GM). Creep test data for this mate- 
rial are given in Table IV. These materials displayed an 
extreme lack of sensitivity to load changes. Because of the 
material’s low total elongation to failure, most test loads 
had to be close to the ultimate strength of the materials to 
produce creep in a reasonable time period. This material 
liscolored somewhat but showed little tendency to delami 
nate while under load. Several specimens broke in the gage 
mark possibly indicating notch sensitivity 
test pieces was sharp with essentially no third stage creep 

GLASS SILICONE (GS-1). Creep test data for this mate 
rial are given in Table V. This material had a marked 
tendency to delaminate under load at both 500 and 600 F 
Most samples were unbroken because the tensile strength 
of the material was approximately the same as the stress 


Failure of the 


required to produce any creep, The sample, therefore, either 
failed in tension on initial loading or sustained the load 
indefinitely, 


GLASS SILICONE (GS 


C24 


2). Creep test data for this mate 
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test temperature 600 F for the several reinforced plastics evaluated 


rial are given in Table VI, A significant difference between 
GS-2 and GS-1 is GS-2 did 
under load at high temperatures. The GR 


that not tend to delaminate 
material was 
made using a staple fiber glass cloth so that the ends of the 
staple fibers tended to interlock and resist delamination 
The creep rate in most long time tests diminished almost 
to zero. The creep rates given were calculated during the 


early part of the test when some elongation was occurring 


GLASS POLYESTER (GPO). Creep test data for this ma 
terial are given in Table VII. Since the test temperatures 
for this laminate were relatively low, thermal stability was 
probably not a major factor in creep. Most test specimens 
were removed before failure while still elongating. Some 
third stage creep might have occurred had the tests been 
continued longer since the mat structure would not restrict 
movement as would continuous filament glass cloth 

GLASS PHENOLIC (GPH). Creep test data for this mate 
rial are given in Table VIII. This material showed good 
strength characteristics at high temperatures. Changes in 
the slope of the 600 F creep curve indicated a relaxation of 
The 


500 F creep curve had no sudden change in slope, thus in 


the resin until the reinforcement maintained the load 


Table V—Creep Test Data for Glass Silicone (GS-1) 


Total 
Elong 


Failure Creep 
Sample Temp Time, Rate, 
N« F i hrs hr 


1 500 


2 500 


,000 
,000 
5,000 
, 3900 


1624* 
1240* 
1042* 
2170* 
329 
7,000 0 


00125** 
00325** 
00182** 
00204** 


00715 


3 500 
4 500 

500 000 
500 
000 87 


600 0005 


000 00884 
,000 
000 103 

000803 


00445** 


600 000 


600 000 


* Test discontinued without sample failure (sample delaminated 


** Calculation based on constant rate portion of creep curve prior to rein 
forcement sustaining essentially all of the load 


This sample was used as a search specimen 
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Table Vi—Creep Test Data for Glass Silicone (GS-2) 


Total 
Elong, 


Failure Creep 
Time, Rate, 


hrs о г | 


Sample Temp 
No F 


Stress, 
psi 


1562* 0.00202** 


3212* 0.00151** 


1580* — |0.00185**| 
523.0* lo 001209**| 
00337 


46.0 |0 
480 0* |0.00199** 


10,000 
10,000 
12,000 
12.500 
12,800 
13,000 


* Test discontinued without sample failure 


Calculations based on constant rate portion of creep curve prior to rein 


forcement sustaining essentially all the load 


Table Vil—Creep Test Data 
for Glass Polyester (GPO) 


Total 
Elong, 


Failure Creep 
Time Rate, 


Sample Stress 
i hrs hr 


No psi 


10, 000 0* 
10,000 


5,000 


497 
263.0* 


0000305 0.3 
000842 0.2 
641.0* 00094 | 0.7 
6,500 52.0* |0.0000906 3 
10,000 0.2 | 0.9 

,000 0.4 3.3 


Test 


liscontinued without sample failure 


dicating that a stress of 15,000 psi was sufficient to load the 
reinforcement almost immediately. The creep rate at 600 F 
did fall off to 
throughout the test 

ASBESTOS CLOTH PHENOLIC (AP), Creep test data are 
given in Table LX. Of all the laminates tested, this material 


not zero although it gradually decreased 


had the greatest elongation, probably because the woven 
asbestos fibers reinforcing the material have a tendency to 
stretch. Creep curves showed no sharp demarcation between 
first and second stage creep and no third stage creep. Be 
cause of the low tensile strength of the material, test loads 
were relatively low 

COTTON CLOTH PHENOLK 


this material are given in Table X. As noted under weight 


(CP). Creep test data for 


loss, this material had poor thermal stability at temperatures 


of 500 and 600 F. At 300 F, it exhibited a relatively high 


lable VIII 


for Glass 


Creep Test Data 
Phenolic (GPH) 


Sample 
Ne 


300 
200 
500 
300 
300 
600 
600 
600 
600 
600 


600 


Stress, 
ps: 

8,000 
10,000 
15,000 
15,000 
20.000 
2,000 
3,000 
4.000 
500 
000 
000 


Failure 
Time 
hrs 
595.0 
111.0 
70 
27 
67 


Creep 

Rate, 
hr 

000288 
00277 
00776 
0112 
00825 
000469 
000479 
00874 
00893 
0116 
0324 
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creep rate and moderate elongation at a stress of 4,000 psi 
Also in tests at 300 F, a slight tendency toward third stage 
creep was noted 


Conclusions 


Elongation or deformation of reinforced plastics under 
load varies with the type of resin used and the 
reinforcement 


type ot 
Furthermore, a considerable degree of vari 
ability in creep characteristics exists within any one com 
bination of resin and reinforcement 

Curves of elongation as a function of time generally ex 
hibit three stages of creep. During the first stage, reorienta- 
tion under load generally results in equalization of stresses 
throughout the fibrous structure. This redistribution prob 
ably results from a limited amount of resin elongation 

Second stage creep in reinforced plastics may be similar 
to that of metals provided that the load is being sustained 
partially by the resin and partially by the reinforcing mate 
rials. In materials employing a continuous filament low 
elongation reinforcement, the curve of second stage creep 
may exhibit two sudden changes in slope; the first resulting 
from a sudden relaxation of the resin and the second be- 
cause the reinforcement thereafter sustains essentially all 
the load. In these tests, the sudden relaxation of the resin 
undoubtedly resulted from thermal decomposition 

Most of the laminates evaluated did not exhibit 


change in slope during the third or final creep stage. Instead 


a large 


the slope of these portions of the curve remained constant 
or was gradually reduced until failure occurred. This is 
reasonable since neither the resins nor the 
used had high total elongation 


reinforcements 


REFERENCE 

1. “Creep Characteristics of Reinforced Plastics at Temperatures 
Up to 600 F;" Harry R. Sheppard, Jr., and Earl H. Van Antwerp 
Presented at 11th Annual Meeting of The Society of the 
Industry, Reinforced Plastics 


Plastics 
Division 


Table IX—Creep Test Data 
for Asbestos Cloth Phenolic (AP) 


Failure | Creep 
Time Rate 


brs hr 


Sample | Temp 
No F 


I 
| 
Stress | 
psi | 


870 187 0.0369 
1,000 262 0.0675 
1,850 4.: 0.317 
3,000 269 0.00812 
3,500 55 0.026 


1 500 
2 500 
3 500 
4 300 
Е 300 


* Test discontinued without sample failure 


Table X—Creep Test Data 
for Cotton Cloth Phenolic (CP) 


Failure Creep 
Time Rate 


hrs br 


Stress, 
psi 


Sample Temp. 
No F 


1 400 
2 400 


960 
1,250 
3 400 1,500 28 a 0 
4 300 3,500 5 0 

300 
300 


68 00807 
0145 
0218 
0216 
0486 


0617 


4,000 27 0 
4,200 15 0 





From: SPE Journal 


PLASTICS ARE USED ADVANTAGEOUSLY 
when they contribute essential or dc 
sirable properties more economically 
than other basic materials. The special 
value whcn 


properties are of greater 


they are efficiently used in the overall 
product design. Table I lists some ге 
sults that are derived by proper plasti 
selection 

Selection depends primarily on an 
analysis of the good and weak points 
of the A workable 


sequence consideration 


suitable materials 
of material 


might be as follows 


ELASTIC 


limits the 


REQUIREMENT. This require 


ment material choices to 


polyethylene, vinyl, polytetrafluoroeth 
ylene, or a synthetic rubber compound 


Nylon 


elastic 


may be suitable where the 


rebound requirement is not 


stringe nt 


Polyethylene and vinylite are both 


limited to low temperature, about 1 
F, applications. For temperatures above 


1 


this limit, the rubber and 


synthetic 
silicone rubber compounds must lx 


considered for elastic needs 
[TEMPERATURE REQUIREMENT. Table 
II indicates another broad division for 
material selection since high tempera 
ture applications, over 450 F, require 
the use of the cold molded compounds 


Medium 


peratures, 250 t iSO I 


or glass-bonded mica tem 


permit the 
filled 


selection of 


ass Off mineral 


Table I 


ELECTRICAL 


higt frequencies 


Materials ar« 


high current arcs 


semi -« 


Selection 


of Proper 


Plastic Material 


J. HARRY DUBOIS 


Vice President, Engineering, Mycalex Corporation of America 


alkyd, 


or polytrifluorochloroethylene plastics 


phenolics, silicone, melamine 


ELECTRICAI Products 
requiring arc 


the alkyd, cold molded, melamine, or 


REQUIREMENTS 
resistance are limited to 
glass-bonded mica materials. High cur 
rent, high thermal shock applications 
need glass-bonded mica. Radiation re 
sistant applications are limited to glass 


bonded mica or ceramic 


components, 
the organic plastics deteriorate rapidly 
under radiation 

The most difficult electrical problem 
is the high frequency-high temperature 
insulator. There are, however, a few 
special purpose materials to help these 
applications. Glass-bonded mica is the 
best of the high temperature electrical 
materials. Electrical circuits that must 
maintain stability throughout humidity 
changes require polystyrene, polyethyl- 
ene, glass-bonded mica, or the fluoro 


carbon Tetrafluoroethylene 


products 
and styrene are best for products r« 


quiring minimum loss factor 


Advantages of Correct Plastic Selection 


available for each type of problem such as high voltages’ 


mductors, permeability cores, anti-static 


capacitors, high and low temperatures, and for corona insulation stability 


CHEMICAL 


Products may be designed to meet any corrosion problem. For 


example 


polyethylene is not attacked by hydrofluoric acid which destroys glass and metal 


APPEARANCE 


avoided in other materials or 


Wide selection of 


many plastic processing methods 


THERMAL 


colors and textures 


processes may 


Certain plastic materials, when used as an integral structural 


Contours and shapes that are 


be produced economically by some of the 


l section of the 


product, may take advantage of the thermal insulating properties, simplify the product 


design, and minimize assembly costs 


and assist in the transfer of heat 


NOISE 


any assembly 


Some materials are mechanically 
Many of the plastics have 


vibration and sound 


WEIGHT 
weight of most products may b« 
may be a factor in the selection o 
forces. Products in the as-molded state ar« 


weight and uniformity of density 


Other 


reduced by the use 


more perfectly balanced because of their 


plastics have higher thermal conductivity 


non-resonant and will dampen vibrations in 


elastic properties that will absorb undesirable 


Many plastics have greater strength per unit weight than the metals and the 


Weight 


of proper plastic materials 


f certain plastics which are subject to rotation and inertia 


lower 


COLOR REQUIREMENT. Urea, 
and melamine compounds offer good 


180-250 F temperature 


nylon 


colors in th« 
range. The phenolics are suitable in 
this temperature range but their colors 
are not fast in the light shades. Dark 
red, brown, walnut, mahogany and 
black are the stable phenolic colors 
The thermoplastic materials such as 
polyethylene, the acetates, styrenes, 
acrylics and their copolymers offer a 
below 175 F 


very lim 


wide color selection 
Glass-bonded mica offers a 
ited color range 

When maximum transparency is de 
sired, such as for lenses, the acrylic 
material is the best choice; polystyrene 
provides good clarity and better sur 
face hardness 
WEATHER RESISTANCE. This is a large 
weakness in many of the plastics. Shel- 
lac, glass-bonded mica and alkyd resins 
are the best selection tor outdoor serv- 
ice. Acrylics and- polyethylene plastics 
are suitable for many outside jobs and 
some of the styrene copolymers may 
perform satisfactorily 

Rain erosion is an important con 


sideration in selecting materials for 


aircraft and missiles. At very high 
speeds, the hardest materials give best 
results; the elastic materials withstand 


erosion best at low speeds 


ODOR AND TASTE. Many of the plastics 
have a strong odor and may impart a 
food. Melamine, urea, glass 
bonded mica, polystyrene, and polyeth 


taste го 


ylene are particularly free from odor 
There are some minimum odor phe 
nolic molding compounds 
DIMENSIONAL STABILITY. This is 
often an important factor and the field 
is limited when tight dimensional sta- 
bility is a requirement. The only ma 
terials suitable for maximum dimen- 


sional stability requirements are 


vlass-bonded mica and the ceramics 
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Table 


Synthamica melts 

Electrical porcelain— firing temperature 

Glaze for porcelain—firing temperature 

Synthamica—maximum heat resistance 

Raw lead pottery glazes—firing temperatures 

Copper melts 

Furnace temperatures in glass manufacture 

Synthamica—sustained service 

Natural phlogopite mica 

Silver melts 

Aluminum melts 

Silver solders melt 

Supramica 500 —maximum heat resistance 

Cold-molded refractory and phosphoasbestos 
maximum heat resistance 

Calcium aluminum silicate 

Aluminum alloy melting points 

Muscovite mica maximum heat resjstan« 

SUPRAMICA 555 

Zinc melts 

M ycalex 400—sustained service 

Magnesium alloy melting points 

Mycalex 410—sustained service 

Mycalex 410X —sustained servi 

Lead melts 

Cadmium melts 

Silicone-glass heat distortion 

Cold-molded plastic (organic 

Polytetrafluoreth ylene 

Silicone-glass sustained service 

Tin melts 

Silicone rubber—sustained servic 

Cold-molded plastic (organic) heat 

Polyester-glass heat distortion 

Cellulose-filled melamine heat distortion 

Polymonochlorotrifluoroeth ylen« 

Mercury boils 

"Hottest spot'"—Class H insulation 

Polyester, mineral-filled, putty —heat dist 

Alkyd: polyester, mineral-filled 

Epoxy-glass cloth 

Silicone elastomer 


maximum heat 


maximum heat resistan 


sustained service, no 


listortion 


granular 
maximum temperature 
sustained service 


The mineral filled phenolics—with an 
afterbake subsequent to moiding—are 
second choice. Alkyd compounds may 
also be considered 

Of the thermoplastics, the styrene, 
ethylcellulose, and the vinyls may be 
satisfactory when the stability require 
ments are not too severe. Highly plas 
ticized compounds such as the acetates 
must be avoided because age loss of 
the plasticizer may cause serious di- 
mensional change. 

The 
various materials is affected by mois- 
ture and temperature; most of the or- 
ganic plastics have high thermal ex- 
pansion. The thermoplastic compounds 
change dimension rapidly under stress 


dimensional stability of the 


(cold flow) at temperatures near their 
softening point. 

Most plastic products must not be 
used for the critical parts of machines 
and instruments where the perform- 
ance of the device is dependent on the 
stability of the 
piece, without making allowance for 
differential and 
Glass-bonded mica is the only material 
with total dimensional stability suit- 
able for precision products. 


dimensional molded 


expansion variation 


resistance 


maximum heat resistan 


sustained serv 


sustained serv 


2550 
2400 
2250 
2200 
2060 
1981 
2800 
1800 
1800 
1762 
1220 
1450 
1000 


2000 


1900 


Hard rubber 
Sulfur (rhombic 
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II—Temperature Limits for Various Materials, F 


Nylon (polyamide) heat distortion (66psi) 300 
Casein beat distortion 

Urea-formaldehyde heat distortion 
Polytetrafluoroethylene heat distortion (66psi) 
"Hottest spot" —Class B insulation 
Melamine-formaldehyde (filled) heat distortion 
Diallylphthalate (alpha cellulose filler) heat distortion 
Phenol-formaldehyde (mica) heat distortion 
Phenol-formaldehyde (wood flour) heat distortion 
mineral-filled) heat distortion 

melts 

"Hottest spot'"— Class A insulation 

Paper /Phenolic laminate—sustained service 


Styrene elastomer—upper limit 


1300 
900 
1225 
1000 
950 


"Hottest spot" 


Epoxy—maximum recommended use 

Polyvinyl carbazole heat distortion 

Vulcanized fiber—upper limit 

-Class O insulation 
Polydichlorostyrene heat distortion 

786 Polymonochlorotrifluoroethylene heat distortion 


66psi 


700 Polystyrene heat distortion 


1200 
650 
650 


Methyl methacrylate heat distortion 
Styrene copolymer heat distortion 
Vinyl chloride heat distortion 


621 Cellulose nitrate heat distortion 


610 


Hard rubber (no filler) heat distortion 


575 Vinylidene chloride heat distortion 


500 
500 


Cellulose acetate butyrate heat distortion 
Cellulose acetate heat distortion 


480 Ethyl cellulose heat distortion 

150 Vinyl butyral heat distortion 

425 Polyethylene heat distortion (66psi) 

400 Lower limit for ethyl cellulose 

400 Lower limit for vinyl chloride elastomer 


400 
ice, no load 390 
357 


356 


Mercury freezes 


Silicone elastomer loses flexibility 
Lower limit for polyisobutylene 


125 Lower limit for polvtetrafluoroethylene 


100 Lower limit for polychlorotrifluoroethylene 


315 Dry ice (CO 


sublimes 


500 Mycalex glass-bonded mica undamaged 


MECHANICAL REQUIREMENT. Bearing, 
cams, gears and rubbing surfaces may 
be made from the laminates, special 
phenolic molding compounds or from 
nylon. Bearing and similar applications 
must give adequate consideration to 
when 
clearances are calculated. Many plastic 
bearings are also water lubricated and 
require added study of the effects of 
swelling from the water 


the high thermal expansion 


Other Limitations 


Production cost is a limitation too 


often not considered. The tooling cost 
must be carefully figured prior to de- 
signing custom molded plastics into 
items. Simple shapes 
may be fabricated by conventional ma- 


small-volume 


chining processes; more difficult shapes 
must be molded. Wood, concrete and 
special composition molds may permit 
low pressure molding of small-volume 
products. The cast plastics may be used 
for certain products with low tool in- 
vestment. Blow molding may be satis- 
factory and low cost method of produc 
ing re-entrant shapes 

Many designs are inadequate be- 
cause certain plastics are not dimen- 
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Their 
high coefficient of expansion introduces 


sionally precision materials 
dimensional and differential expansion 
problems that are not considered. Large 
volume products, for example, require 
greater dimensional latitude than 
small-volume products because of the 
thermal and dimensional variables in 
the multiple cavity molds used for 
large-volume production. 

Products that are to be 
very small volume or those that may 
be designed for the simple processes 
such as stamping, punching, turning or 
sawing should be made from laminated 
plastics, glass-bonded mica, or from 
vulcanized fiber. 

The alternative production processes 
such as the reinforced plastics, blowing 
and vacuum forming of sheets, must b 
evaluated carefully since they offer 
many production advantages and will 
indicate their own materials 


made in 


REFERENCI 


the Right Materials, by J 
Vice-President, 
calex Corporation of 
N. J.; published in 
October 1955, pp 26 


Henry 
Engineering, My 
America, Clifton 
the SPE 


Use 
DuBois, 


Journal 
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EXON 471- Excellent w ability and durability in û EXON 480 —For phonograph records. High bulking density 
coating rrosion resis No measurabk and easy processing at low temperatures. Completely com 


protective 
cl with extend resins, stabilizers and pigments 


EXON 654~ 


tai 
ill 


EXON 905-915-925 — Temperatur 

processing from restrictions duc тре! п For complete information 

Blend speedilv, fuse quickly or technical service, 
call or write: 


CHEMICAL SALES DIVISION 


The versatility of Exon vinyl resins has been demon- FIRESTONE PLASTICS COMPANY 
strated in far more applications than we have space to DEPT. 643N, POTTSTOWN, PA. 


describe. The uses mentioned only typify the economy, A DIVISION OF 
efficiency, and ease of processing for which these resins THE FIRESTONE TIRE AND RUBBER CO. 


are engineered 


C28 Product Design Digest Issue 





FIRESTONE PLASTICS CO. 


Chemical Sales Division—Dept. 643N, Pottstown, Pa. 


A Division of the Firestone Tire and Rubber Company 





THE ULTIMATE IN 


VINYL VERSATILITY 


as developed in 


Firestone EXON resins 


Whatever you make . . . you will find in industry's most complete line of vinyl resins 
a short cut to a finer product. 


AP a 


EXON 402-A — Top corrosion-fighter in industt n be EXON 450 
processed into a variety of usetul forms sucl s sl n tensile strengt 


rods Can be 


| | t (> t {азе › + 1 nada 1111 
increases banbury output 10 2 Fas ising at lo and vinyl 


EXON 468 “engine ed tor flo ring igh bulking densit EXON 470 I “Мыш excelle 
surtaces mpatibk 


1 $ | 1 ' 
temperatures tor Iu easier, n e ethcient processing ls ikvds 


EXON 461- a unique í 


stance, 


EXON 500- specifically « 
EXON 700 XR 59 
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NEOPRENE 


A general-purpose elastomer 


Neoprene was the first general-pur- 
pose synthetic rubber produced com- 
mercially in this country. In me- 
chanical properties, it has all of the 
virtues of natural rubber: excellent 
strength and resilience, excellent re- 
sistance to abrasion and flex fatigue. 
In addition, neoprene retains these 
mechanical properties under service 
conditions that deteriorate natural 
rubber. 

Neoprene does not soften and swell 
like natural rubber in contact with 
oil and gasoline. It does not oxidize 
and crack like natural rubber when 
exposed to sunlight, weather and 
ozone. Neoprene withstands abra- 
sion and constant flexing without 
chipping orcracking. It will not prop- 
agate flame and any one of these 
properties can be accented for spe- 
cific uses by your rubber-goods sup- 
plier. 

Industry today has put neoprene 
to use in a wide variety of applica- 
tions—from safety shoe soles to con- 
veyor belts carrying hot coals—from 
hose and cable jacketing to hundreds 
of molded products. If you have a 


design problem involving the use of 


a resilient material, contact your rub- 
ber-goods supplier or let us know by 
filling the coupon in. We'll be glad 
to help you. 


NT e ist p". 


FLEXIBLE and OlL-RESISTANT 


Neoprene coupling On auto-seat adjustor re- 
placed a barrel spring which was too noisy 
and short-lived. Neoprene’s oil resistance as- 
sures a long service life. In destruction tests, 
neoprene coupling was still going strong when 
seat was worn out! 


ABRASION- and SOLVENT-RESISTANT 


Neoprene ball bearings—one at each corner 
—carry thrust load in this oscillating sander 
Steel balls were noisy; natural rubber deteri- 
orated within three weeks when exposed to 
paint solvents in wet sanding. Not one neo- 
prene ball bearing has had to be replaced in 
over 200,000 sanders in service 


x 


Tor 


WEATHER- and SUNLIGHT-RESISTANT 


Neoprene window frame cuts installation and 
maintenance costs. Resilient neoprene strips 
seal the glass, yet allow the panes to slide 
easily. The strips require no protective paint 
or chemical coating, because neoprene resists 
weather, sunlight and chemical attack. 


HEAT- and OIL-RESISTANT 


Neoprene air tube actuates this clutch and 
brake unit. Natural rubber tubing was re- 
placed because it swelled and inside surfaces 
stuck together. The neoprene tubing is un- 
affected by oil in compressed-air supply, is 
good for many years and millions of flexings 
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HYPALON 


A special-purpose elastomer 


Newest addition to the family of 


Du Pont elastomers is HYPALON syn- 
thetic rubber. HYPALON exhibits ex- 
tra-high resistance to heat, ozone, 
chemicals and discoloration . . . mak- 
ing it ideal for use where severe serv- 
ice conditions exist. 

HYPALON shows unusual resist- 
ance to hardening at elevated tem- 
peratures (250°-350°F.). It is com- 
pletely unaffected by ozone and has 
good resistance to oil, grease, abra- 
sion, flame and flex cracking. What's 
more, HYPALON can be compounded 
in an unlimited range of colors that 
arestabletosunlight exposure. Long- 
lasting protective coatings of Hy: 
ALON—Clear or colored—can be ap- 
plied to rubber, metal, wood, or fab- 
rics by any standard method. 

Designers are finding many uses 
for HYPALON in products that must 
withstand extremely difficult service 
conditions. The extra durability 
HYPALON offers has lowered main- 
tenance and replacement costs on 
gaskets, hoses, molded and extruded 
parts, wire jacketing, and protective 
and decorative coating. 

Du Pont HYPALON gives you new 
properties to work with new 
opportunities for design improve- 
ment. If you'd like more informa- 
tionabout H YPALON, just get in touch 
with your rubber goods supplier or 
clip and mail the coupon below. 


*WYPALON is a registered trademark of 
E. I. du Pont de Nemours & Co. (Inc.) 


UPON 


REG.U.S 


BETTER THINGS FOR BETTER LIVING 
- ++ THROUGH CHEMISTRY 


OZONE RESISTANCE 


HYPALON gasket seals end of ozone genera- 


tor. Even though the gasket is exposed to 2% 
ozone, it is re-usable after two years’ service 


Plastic gaskets flattened out under flange pres- 


sure and couldn't be re-used 


RESISTANCE TO CHEMICALS 


HYPALON acid hose carrying 98% sulfuric 
acid has outlasted ordinary acid hose 16 to 1 
HYPALON hose gave four months’ service on 
this job which previously required a new hose 
every week. The difference lay in the superior 
resistance of HYPALON to especially strong 
oxidizing chemicals 


(J I am particularly interested in 


HEAT RESISTANCE 


HYPALON spark-plug covers give economical, 
long-lasting performancein spite of high ozone 
concentrations and temperatures averaging 
270°F 340°F. in 
the engine of one of today’s most popular cars 


with occasional peaks of 


UNLIMITED STABLE COLORS 


Protective coatings of HvPALON add long life 
and sparkling color to wood, metal, rubber 
or fabrics. They can be applied by spraying, 
brushing or spread coating. Both clear and 
colored compounds of HYPALON are shown 
here on electrical wire, overshoes, sporting 
equipment, urethane foam, rubber 


(OJ Please add my name to the mailing list for your free publications, “The 
Neoprene Notebook" and “Facts about HYPALON." 


Name 


E. I. du Pont de Nemours & Co. (Inc.) 
Elastomers Division, Dept. PE-57 
Wilmington 98, Delaware 
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Address 





State 





TEXTILES ylar” polyes Im is used as the base for an im- 


d type of metallic І It provides extra strength for weaving 


resists normal textile chemicals used in dyeing DECORATIVE SURFACING.—Used as a surfacing material, 


s opening new m irkets ir manufacturers of finished gar 


"Mylar" adds beauty and long lasting luster.to a wide range of 
consumer products. Flexible "Mylar" can be metalized. It can also 


restrictions n 1 ics 1 rics suc is 


ELECTRICAL. “Mylar” is 
ideal for use as an insulating ma 
terial in electrical-electroni« 
equipment. It combines high di 
electric and physical strength 
with resistance to chemicals and 
moisture. Thinner gauges of 
“Mylar” are helping manufac- 
turers reduce size, weight and 
osts in products such as motors, 
transformers, coils and capaci- 


tors 


PACKAGING. "Mvylar” is a tough film for tough 
packaging jobs With “Mylar”, heavy, bulky and 
irregularly sh ıped objects, such as blankets, toys 
or hardware items, can now capitalize on the im- 


pulse value of transparent packaging 





CAN I USE “MYLAR” 
IN MY PRODUCT? 


Whether you make ladies lingerie or 
guided missiles, there may be a wav to add 
value to your product ... to make it more 


profitable... by using Du Pont “Mylar’’*. T] 


remarkable polyester film has a balance of 
properties never before available in a 

material. For more information on applica- 
tions, properties and types of “Mylar” avail- 
able, send in the coupon below. Be sure you 
indicate the specific application you have in 


mind. 


be laminated and embossed to create glamorous, scuft resistant non- 
tarnishing material for ladies’ accessories, automobile panels and bath- 
room hampers. 


REG. U.S. PAT. OFF 


DU PONT 


MEDICAL. For the first time, surgeons have an absorbent bandage that will 
not adhere to the skin. Non-toxic perforated “Mylar” is placed over the wound, 
permitting fluids to flow into the cotton to which the “Mylar” is laminated. 
POLYESTER FILM 


E. I. du Pont de Nemours & Co. (Inc.) 
Film Dept., Room HP-10, Nemours Bldg 
Wilmington 98, Delaware 


Ple ase send 


ES pe 


BONING WATER X 


Um Р a )ا‎ 
RECORDING TAPES. Tapes with Mylar” are used in recording sound and 


now video. These tapes are thinner. vet stronger, and are unaffected by changes 


| 
| 
| 
| 
l 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
L 


in temperature and humidity as demonstrated in "tape torture test" above 





LEADERS IN SURFACE TREATMENTS FOR METALS 


Control Corrosion, Increase Production 
Improve Quality of Metal Products 


For over 42 years—the leader in the field of surface treatments for metals. That’s 
Varker Rust Proof Company. 

Since its beginning, Parker has dedicated all its facilities to waging a constant 
war against corrosion—nemesis of the metal working industry. Through continuing 
research, exhaustive tests and careful observance of performance in the field, 
Parker has developed a comprehensive line of quality treatments for metals. There 
are Parker Products to control corrosion, aid production, improve quality and en- 
hance the appearance and durability of the metal products on which they are used. 

If you have a problem involving surface treatments for metals, call in the Parker 
man! He can help you make important savings in time, money and materials. 


THE PARKER LINE 
BONDERITE 


—corrosion resistant paint base. This non-metallic phosphate coating 
anchors paint, guards against rust and corrosion on steel, aluminum, zinc 
and cadmium. Prolongs fine appearance and durability of paint finish. 


BONDERITE AND BONDERLUBE 
—aids in cold forming of metals. By providing more efficient, effective 
lubrication, this combination has extended the cold forming of metals to 
allow deeper draws, more severe extrusions. 


PARCO COMPOUND 
—rust resistant. Provides corrosion protection for iron and steel. Industry’s 
standard rust-resistant product for 42 years. 


PARCO LUBRITE 
—wear resistant for friction surfaces. Oil absorbent, non-metallic coating 
for pistons, cylinder walls, gears, valves, rings and other friction surfaces. 
Faster break-in without scoring means longer subsequent life. 

PARKER PRE-NAMEL 


—pretreatment for porcelain enameling. Eliminates ground coat on alumi- 
num and ferrous metals, improves the adhesion of porcelain enamel. 


PARCO CLEANERS 


—a line of special alkali, acid and emulsion type cleaners which remove 
grease and soil, and condition the metal to produce fine-grained Bonderite 
coatings at reduced cost. 


TROPICAL PAINTS 
—The Tropical Paint Company, a Parker subsidiary, has supplied industry 
with a complete line of heavy-duty maintenance paints since 1883. 


ү 

PARKE RUST PROOF COMPANY (pa 
2159 E. MILWAUKEE, DETROIT 11, MICHIGAN | E 

M QUALITY s 


SINCE 1914—LEADER IN THE FIELD 


C34 Product Design Digest Issue 





AT THIS STEP... Spei. 
@ Textolite 


General Electric TEXTOLITE offers more than 
fifty grades of industrial laminates designed to meet 
the varied requirements of electrical and electronic 
manufacturers, 


Available in the form of sheets, rods or tubes, 
G-E TEXTOLITE industrial laminates are uniform 
in color and appearance, and offer excellent electrical 
and mechanical properties. They consistently exceed 


NEMA standards. 


In your present product, or a product on the drawing 
board today, there is no doubt an application for a 
versatile, economical G-E TEXTOLITE industrial 
laminate. A specialist from G-E Technical Service 
will be glad to help you select the proper laminate 
for your application. For complete technical data, 
send in the coupon today. 


When the properties have to be right... 
Specify G-E Textolite® 


Progress /s Our Most Important Product 


GENERAL ® ELECTRIC 


G-E Textolite® Laminated Sheets, Rods & Tubes 
Irrathene? Irradiated Polyethylene * Silicone Insulation 
Mica & Mica Mot Insulation * Insulating Varnishes 
Varnished Cloth & Tapes * Sealing & Filling Compounds 
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INDUSTRIAL 
LAMINATES 


with superior properties and 


ease of fabrication 


they can be. . — 


TURNED 


DRILLED 


General Electric Company 


Laminated and Insulating Products Department 
Section PEL-106, Coshocton, Ohio 


[Г] Please send me complete technical data on G-E Textolite® 
industrial laminates for my reference file. 


[ ] Please have your representative call. 


NAME 
TITLE 
STREET 
CITY 





Here are paper applications 
Mosinee helped develop for three industries — 
Good tip: they may suggest new uses for you! 


PRODUCTION 


Mosinee interleaving papers 
protect mirror-finish stainless 
steel. The presence of any foreign ma- 
terials or surface imperfections would 
mar or scratch the metal's highly pol- 
ished surface. Mosinee, through highly 
developed chemical and quality con- 
trols, produces these special papers with 
the required uniform properties, 


Special Mosinee masking papers 
increase auto painting efficiency, 
reduce costs. These papers must have 
specific, controlled physical properties 
including high density and absolute free- 
dom from pin holes to prevent paint 
penetration. Mosinee "know how" 
helped develop papers for this special 
application. 


INSULATION 

T - А | HESE applications are typical of the many instances in which 
P E J Mosinee paper experts have cooperated with industry to de- 
velop special analysis papers to perform specific jobs. If your work 
involves costly or troublesome packaging sf protection — 
sulation . . . lamination . . . fabricating . . . or processing — a 
specialized Mosinee paper may provide the answer you've been 
looking for. 

For details on how to do the job better with papers by Mosinee, 
see your representative, or write — 


i ( Sj MOSINEE PAPER MILLS COMPANY 


1 Dept. PE. * MOSINEE, WISCONSIN 


Flame-resistant paper by Mosinee 


а а a 
3 

makes good insulation better — safer. \ a mm mms m 

In this case, Mosinee flame-resistant paper is 1 € ) f Р 

produced for the manufacture of home insula- | [ ©. . | Ж 

tion bats. This exclusive Mosinee process may > í ‘ y 

also be used with many types ot paper tor е) чы iai 


d па q pres 10 
other products and may suggest a solution to — specialist tn industria! paper technelegy — 


your problem. makes fibres work for industry 
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A балл \-/ 
ACTUATING SYSTEM 





м. 


ее 


Enjay Butyl rubber— 


vital artery in newest airliners 


Douglas chooses Enjay Butyl for rubber components of the hydraulic 
systems in many of its famous DC-7 airliners. These components, which 
help assure the dependable operation of everything from wing flaps to 
landing gear, are proving over millions of air miles their durability 
and resistance to wear. 
Versatile Enjay Butyl rubber may well have a place in your operation. 
It will pay you to investigate the many technical advantages it has 
over other types of rubber. Its price and ready availability are advan- B U Т Y L 
tages, too. For full information, and for technical assistance in the uses 
of Enjay Butyl, contact the Enjay Company today. 


Pioneer in Petrochemicals Enjey Butyl »» tho super-durable rubber 
with outstanding resistance to aging • 
ENJAY COMPANY, INC., 15 West 51st Street, New York 19, N. Y. abrasion + tear + chipping + cracking • 


А i m ozone and coron: *'hemicals 7ases 
Other offices: Akron * Boston * Chicago * Los Angeles * Tulsa ne and na * chemicals « gas 


e heat * cold * sunlight * moisture 
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APER 


FILTERING 


Thin Thick | A Flexible 
GENERAL APPLICATIONS 


High Wet Strength Long Wearing Uniform Caliper Flexibility 
(Tags) (Wallets) (Paper Tubes) (Artificial Leather) 


HOLLINGSWORTH & VOSE 


More engineers with imagination are ex- There are a lot of new things being done 
papers include . . . 


ploring the many advantages of using with paper. Perhaps you would like to see 
paper. For only paper offers such a wide a few of them without obligation. Just write Electrical Insulating 
choice of characteristics and can be made us on your company letterhead . . . we'll Abrasive Backing 
from such a wide variety of raw materials. take over from there. Liquid and Air Filter 
Saturating 
Rope and Jute Tag 
Red Wallet 
Wet Strength Specialties 


HOLLINGSWORTH & VOSE COMPANY . «ce 


EAST WALPOLE, MASSACHUSETTS Coating Base Specialties 
Manufacturers of Special Technical and Industrial Papers 
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coating 


creates NEW products by 


LIGHT SOCKET made dust and moisture proof by 
chem-o-sol. Rigid standards of automotive industry 


are met here. 


ELECTRIC COIL quickly and economically coated 
with chem-o-sol possessing high dielectric properties. 


DOOR TRIM PANEL CLIP has integral gasketing 
unit of chem-o-sol for sealing out water. 


SCREENING that won't stretch, sag, corrode, stain 
or support combustion, made of Fiberglas yarn coated 


with chem-o-sol. 


FISHLINE coated with chem-o-sol is water-proof, 
attractive, will continue to float without dressing. 


SEALING CORD made of heavy Fiberglas yarn 
coated with chem-o-sol provides weatherproof seal 
for conduit cable after heat applicafion. 
spray i ng S DRUM lined with tough, flexible chem-o-sol pro- 
. tects sensitive dyes from steel contamination, steel 


from corrosive acids. 


DÀ ..а па by casting, pressure forming or spreading. A manageable liquid 

vinyl dispersion, chem-o-sol is individually formulated for each application. 
It is easily converted from its 10096 solids liquid vinyl state to a tough, 
flexible solid by the application of heat. Chem-o-sol is resistant to all kinds 
of chemicals, acids and alkalis; petroleum products; water and salt. 

Our large staff of chemists is constantly developing new applications for chem-o-sol, improving 

old products and planning new ones. 

Complete information on chem-o-sol on request. Write for Bulletin 141. 


Саадан 


KING PHILIP ROAD * EAST PROVIDENCE, R. I. 
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DURABLE — TOUGH — RUGGED 

National Vulcanized Fibre rail 

Р joint insulation withstands years 

DIELECTRIC STRENGTH. National Vulcanized Fibre р of continuous exposure and 
gives electrical parts high dielectric strength— plus Я a = heavy pounding of today's high 
toughness and excellent forming properties. Has ideal А speed railroading. Will not cor 


application as insulation rode or deteriorate 


ARC RESISTANCE. In circuit breaker 
National Vulcanized Fibre safely curbs electri 
cal arcing without carbonizing or tracking 
Easy to bend, punch and form. Light in weight 
Heat-and-shock resistant 


MACHINABILITY MECHANICAL 
STRENGTH. New paper-base PHENOLITE 
not only has excellent arc resistance, but 


two — —— ee CHEMICAL RESISTANCE 


reat mpressive and tensile strength Chemical-resisting grade: 


. | of PHENOLITE are unaffected 
m a t e r i a І © ~ by most corrosive fluids and 


` atmospheres. Retain high 
К ы а strength, resiliency and di 
о { $ mensional stability 
= = 
unlimited 
= = 
application 


Here are six ideas to spur your imagination. They only suggest 
the many things that are being done better at lower cost with 
versatile Vulcanized Fibre and PHENOLITE® Laminated Plastic. 
The full list of current and new uses for National Laminates 
would more than fill this page and many more! These are coming 
up almost every day. For the property range of National Lami- ЕЗ 
nates is a designer's dream. Over 80 basic materials grades avail- made of Copper Clad PHENOLITE permit com 
able in sheets, rods, tubes, rolls, coils or fabricated parts. uM" cu cn pena, nu 


assembly time 


FREE GUIDE TO LAMINATED PLASTICS 3 


5 | 


National's new materials 
comparator chart directs 
you quickly and easily to 


he rigl aterial for y ae 
—_ —— 9 NATIONAL 


Compares specific prop VULCANIZED FIBRE co. 
erties of 35 basic mate 
rials grades—over 600 WILMINGTON 99, DELAWARE 


property values! In Canada’ Natianal Fibre Company of Canada, Ltd. » Toronto 3, Ont 


‘or yo "REE copy, 
F E your FRI I сору VULCANIZED FIBRE * PHENOLITE LAMINATE, 5t asric „ 


write direct to Dept. H-10 NATIONAL NYLON e PEERLESS INSULATION e KENNETT MATERIALS 
HANDLING RECEPTACLES e VUL-COT WASTEBASKETS e LESTERSHIRE 
TEXTILE BOBBINS * VULCOT PRODUCTS FOR THE HOME 
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FRENCHTOWN 
ENGINEERED CERAMICS 
OFFER 


Whether you plan the development of a new product, or аге 

seeking ways to further improve existing ones, you'll want to 

look into the many new possibilities which are open to the 

design engineer who includes engineered ceramics in his 

planning. Our ceramic engineers have developed many 

formulae which, together with modern fabricating 

methods,* have greatly enlarged the usefulness 

of these amazing materials. Always 

outstanding as electrical insulators, 

Frenchtown ceramics, particularly the 

high alumina bodies, are being specified 

more and more for critical mechanical 

applications. 

Check these BIG advantages: 

* MECHANICAL STRENGTH 

Compressive strength up to 187,000 psi. 

ABRASION RESISTANCE 

Demonstrated by use for sand blast 

nozzles, 

HEAT RESISTANCE 

Softening temperatures up to 1971° C. 

THERMAL CONDUCTIVITY 

Coefficient (c.g.s. units) up to 0.0180. 

THERMAL EXPANSION 

as low as 2% cumulative at 700° C. Send for this helpful bulletin 
giving complete data on 

mechanical and electrical prop- 


erties of all Frenchtown En- 
gineered Ceramics. 


trenchtown sxc" 


90 MUIRHEAD AVENUE § TRENTON 9, NEW JERSEY 


+ 


*Grinding and extrusion facilities e NICOTE* Metallized Ceramics 
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Each of the molded parts pictured here 
had specifications which called for special 
materials often with unusual properties. 
All called for creative design approaches, 
both by customer and Richardson. 


Richardson engineers, specialists in both 
molded and laminated plastics, will 
welcome the opportunity to help you. 


Write or phone for additional information. 


THE RICHARDSON COMPANY 
FOUNDED 1858 


2768 Lake St., Melrose Park, IIl. (Chicago District) 


F 


MELROSE PARK, Em, 
їп. 


INDIANAPOLIS, 
IND. 
NEWNAN, NEW BRUNSWICK 
GA. а N. J. 


OGDEN, 
UTAH 


SALES OFFICES IN 
PRINCIPAL CITIES 


. . water pump impeller A special moisture resistant 
phenolic was specified for this part which must with- 
stand the extremes of both high heat and intense 
cold, as well as strong torque action plus corrosion 
and cavitation resulting from the circulation of water 
in the car’s cooling system. 


. .timing gear The molded blank of this gear had to 

have high flexural characteristics . . also a good bond 
in the laminate section for ease in cutting gear teeth, 
and to insure necessary tooth strength. The manu- 
facturer and Richardson developed a new material 
with high heat resistance. Result: Fine flexural 
strength in the web section .. more quiet operation 
. . easier fabrication . . . easier assembly . . . tripled 


gear life! 


. .radio antenna mast base This part had to have 
good surface appearance, high impact strength, high 
dielectric strength, and at the same time be weather 
resistant. A black phenolic material with an attrac- 
tive high gloss finish was recommended. 


. dashboard light lens Originally this part was 
designed as a clear lens. Later, when the specifica- 
tions were changed to call for a translucent lens, the 
customer suggested that either the mold, or the clear 
parts, be sandblasted. .either process would have in- 
creased costs. Richardson suggested, instead, a spe- 
cial light-transmitting polystyrene. Result: 15% 
reduction in lens cost. 
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will — your н, reduce its cost! 


. . like cloth 
. instead of rubber 
T . in place of cork 
: | and lin. ‘obs where no other material will do! 


Coated - Kc nmm . б ~ Saturated 
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There are 3 Kinds of X-CREPE 


Basic X-CREPE Versatile, low-cost. 
Replaces, often outperforms ex- 
pensive materials like cloth, rub 
ber, cork. Provides desirable bulk 
without excessive weight. 


X-CREPE laininated to itself or to 
cloths, fibers, films or foils to make 
it extra strong, impermeable, mois- 
ture and water-resistant, strong 
when wet. 


Any grade of X-CREPE can be em- 
bossed with thousands of shock-ab- 
sorbing, bulk-imparting ‘‘dimples”’ 
to produce cushion effect. X. 
CREPE's unique stretchability and 
formability make possible this un- 
usual material. 


Write today for your 
Free Cindus Design 
Engineer's 


Portfolio 


USED when resin-impregnated as 
core stock in laminated plastics. 
Won't crack. or split when later 
formed into.compound curves. 
USED as edge binding to replace 
felts and fabrics. 


USED as “plumper” or backing 
material for leather and films. 
‚ „АМО SCORES OF OTHER APPLICATIONS! 


USED as a go-between for metal- 
to-metal, fabric-to-metal, fabric-to- 
wood, and padding-to-fabric con- 
struction details. 

USED to replace coated fabrics. 


. . AND DOZENS OF OTHER APPLICATIONS! 


USED to wrap electronic lamps, 
protect them against shock of 
shipping and handling—reduce 
size of carton. 


USED as an insulation wrap. 
.  « AND MANY OTHER APPLICATIONS! 


@ We make hundreds of grades of X-CREPE. Each grade has dis- 
tinctly different characteristics. The CINDUS DESIGN ENGINEER'S 
PORTFOLIO is your personal reference file containing samples of 


, representative grades and complete information. Special grades 


can be tailored to fit your needs. 


B... Your personal reference file with representative samples and complete information. 


CINCINNATI INDUSTRIES INC. 
300 Carthage Avenue 
Cincinnati 15, (Lockland) Ohio 


& X.CREPE i$ the trademark of Cincinnati Industries Inc. 
for its double-creped products. 





Maybe your business needs TWO miracles 


i 


Du Pont puts miracle fabrics and miracle coatings 
together to serve you better 


DU PONT INDUSTRIAL 
COATED FABRICS 


COATING MEDIUMS 


Neoprene * Buna-N «+ Silicone «+  Polyacrylate 
Chlorosulfonated Polyethylene • Tetrafluoroethylene 
Butyl * Acrylic * Polyamide 
Polyethylene • Polysulfide 


SUBSTRATES 


Fabrics Felts or Non-Woven 
Cotton « Nylon * “Dacron’* 
"Orlon"** e Asbestos » Glass 


Metal « Rayon «+ “Teflon” *** 


“Teflon” Felts 
Wool Felts 


Also elastomer sheet stocks without 
fabric inserts & cements 


*"Dacron" is Du Pont's registered trade 
**“Orion” is Du Pont's registered tradem 
***Teflon” is Du Pont’s trademark for 


REG. U. & PAT. Off 


BETTER THINGS FOR BETTER LIVING THROUGH CHEMISTRY 
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At the Du Pont Fabrics Division, exceptional coatings are combined 
with specially selected fabrics—result, a third material with the ad 
vantages of both. How can you use these miracle coated fabrics? Indus 
try isconstantly finding applications such as gaskets, seals, diaphragms 
or protective cloths. The trucking industry, for example, is enthusi 
astic about nylon fabric coated with neoprene that makes a light 
weight, durable tarpaulin. 

Perhaps you need a material to withstand gas and oil . . . or to take 
temperatures up to 450°F? Or do you need a material with good anti 
stick properties? There’s almost sure to be a coated fabric just right 
for the job. If not, the Du Pont Fabrics Division can probably make 
one that is. We'll be glad to send you further 
information. Mail the coupon today 


E. I. du Pont de Nemours & Co. (Inc.), Dept. PDp.6 
Fabrics Division, Wilmington 98, Delaware 


Please send me further information about coated 
fabrics 

I am interested in using a coated fabric for 
Name Position 
Company 


Address 





m 
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Polyethylene shaver case 
conceived, designed and 
tooled in 7 weeks 


While casting so much lss in ploski 


The beauty of a plastic container is not so much that it costs you less but that 
it gives you so much more. Better appearance, color variety, lighter weight, tough- | 
ness, resistance to chemicals and corrosion, product visibility — wouldn't one or 
more of these advantages make your product easier to sell? 


And when you think of a plastic container, think first of a plastic container 
made by Auburn. A pioneer in the development of molded plastic products, 
Auburn is the only producer equally at home in every phase of the molding art. 
More than 500 leading manufacturers count on Auburn's liability, quality and | 
on-time deliveries, 


AMONG THE FACILITIES OFFERED AT AUBURN ARE: | 


© Injection molding machines up to 22 oz. 
capacity. 

© Compression, transfer and high speed 
plunger presses up to 600 ton capacity. 


* Stokes automatic presses. 
* Extrusion machines up to 42" screw size. | 
* Precision tool and die shop. 


* Automatic rotary presses for parts up to © Design, engineering and laboratory serv- 


2 sq. in. ices. 


BUTTON WORKS INC. | 
Auburn, N. Y. 
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Catalogs 
and 
Bulletins 





To obtain copies of literature 
described below, circle corre- 
sponding number on coupon 
at end of this section. 


(O-1) METALLIZED CERAMIC COAT 
iNG—Bulletin 1155, 4 pp, describes 
coating used with hard solders and 
discusses bonding properties; also used 
to provide a surface to which a metal 
part or other metallized ceramic parts 
may be hard soldered up to 2200 F 
Frenchtown Porcelain Co., 160 Muir- 
head Ave., Trenton 9, N. J. 
(O-2) GLAss PIPE AND FITTINGS— 
Catalog 80-10, 4 pp, describes equip- 
ment designed for laboratory or pilot 
plant use and other special services 
Fischer & Porter Co., 683 Jacksonville 
Road, Hatboro, Pa 


(O-3) COLLOIDAL DISPERSIONS — 
Booklet, 4 pp, lists 41 colloidal and 
semi-colloidal dispersions for opera- 
tional functions, maintenance, lubrica- 
tion, machine design, and other indus- 
trial . applications. Acheson Colloids 
Co., Port Huron, Mich. 


(O-4) PLASTIC STRUCTURAL MATE- 
RIALS, MOLDINGS, W ELDMENTS—Cat- 
alog, 7 pp, contains information on 
polyethylene and polyvinyl chloride 
Specifications are given in chart form 
for ease of reference. American Agile 
Corp., P. O. Box 168, Bedford, Ohio. 


(O-5) CHEMICAL METAL FINISHING 
—Booklet, 12 pp, describes aluminum 
anodizing and alodizing, surface con- 
ditioning, and various other types of 
conversion coatings obtainable on alu- 
minum, magnesium and steel. J. W. 
Rex Co., 843 W. 3 St., Lansdale, Pa. 


(O-7) STANDARD PLASTIC PARTS— 
Catalog, 32 pp, describes handles, balls, 
knobs, cases, covers, pointers, pulls 
Harry Davies Molding Co., 1428 N 
Wells St., Chicago 10, Ill 
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Ф MELAMINE IMPREGNATED PAPERS 
in a wide variety of patterns, wood grains, solid 
colors, and translucent overlay grades for durable 
decorative laminates. Available in rolls slit to 
width, sheeted, or die-cut to any shape required. 


PHENOLIC IMPREGNATED PAPERS 

for producing N.E.M.A. industrial grade laminates 
and molded parts for a wide range of electrical, 
mechanical, and structura! applications. Precisely 
controlled processing assures uniformity of quality. 


@ PHENOLIC IMPREGNATED FABRICS 
such as cotton duck, cloth, and sheeting for high er 
low pressure molding. Available in grades to meet 
N.E.M.A. standards. Also used in producing gears, 
bearings, filters, helmets, and many other products. 


Ф PHENOLIC IMPREGNATED GLASS CLOTH 
produced in special grades for fabrication of fly 
rods, aircraft and guided missile parts, plus many 
other products requiring a strong, light, durable 
material highly resistant to heat and corrosion. 


POLYESTER IMPREGNATED MATERIALS 
such as glass fabric and mat for low pressure mold- 
ing of aircraft parts, tools, and other applications 
where high strength, light weight, ease of forming, 
ond dimensional stability are essential properties. 


@ SILICONE IMPREGNATED GLASS CLOTH 
in grades having excellent dielectric strength and 
resistance to distortion at high temperatures, plus 
other properties required for applications such as 
radar equipment, printed circuits, motors, etc. 


@ EPOXY IMPREGNATED MATERIALS Whenever you need plastic impregnated and coated materials, 
custom treated to meet the highly speciolized you'll do well always to think of Fabricon first! For regardless 
mam e s electrical end. electronic of what your requirements may be, you'll find that Fabricon has 
— иче » x" -— t what it takes to deliver the quality and service that you've 
——— been looking for. Years of experience with all types of thermo- 

setting resins and fillers. Complete engineering and laboratory 
facilities for developing new products and processes. Special 
production equipment designed for precisely controlled, contin- 
vous, economical operation. Facilities, too, for slitting material 
to width, sheeting, or die-cutting to any shape required. 


Want detailed information on the Fabricon Plastic Impregnated 
Material that's right for your particular product? Just outline the 
nature of your application and send it in today! 


FABRICON PRODUCTS 


One of several giant impregnating ovens having E bs 
roll capacities up to 90" in width. All are de- A Division of The EAGLE-PICHER Company 


signed for continuous quality controlled operation. 
1721 W. Pleasant Street e River Rouge 18, Michigan 


Product Engineering — Mid-October, 1956 C47 





Representative 
Morganite Products 


$team engine piston rings 
Air compressor piston rings 
Small pistons and plungers 
Cylinder liners 
Torque converter seals 
Grease seals 
Turbo supercharger seals 
High temperature fan bearings 
Water pump vanes 
Glass molds 
Glass cradle blocks 
Glass lip turners 
Glass foot forming pads 
Oxygen seals 
Thrust bearings 
Gasoline valves 
Contacts 
Brush holders 
Cores for metal castings 
-Chemical bearings 
Gas meter valves 
Air compressor vanes 
Water turbine seals 
High temperature bearings 
Kiln car wheel spacers 
Supercharger bearings 
End plates 
Crane current collectors 
Commutator brushes 
Slip ring brushes 
Carbon disc voltage regulators 
Refractory ware: 
Crucibles 
Insulators 
Pyrometer tubes 
Furnace tubes 


max 0 
C48 


Lue ы клк м mts 
En EE ОУ 


AT TREE. afa 


^s 


tud 


Carbon may be your solution IF — 

a) contamination is an undesirable factor, as 
in textile and food machinery 

b) corrosion is to be avoided 


c) temperatures are too high for conventional lubricants and metals 


Of course, the greatest and best known advantages of carbon are 


that it needs no lubrication and that it does not seize on to metals. 


Other properties provide additional advantages for particular 
applications. It has a wide range of resistance to chemical 

attack . . . is not wetted by molten metal or slag . . . retains high 
mechanical strength at high temperatures . . . has low thermal 


expansion . . . and has good electrical conductivity. 


Why not send us the details of your design problem. Our Engineering 
Staff will be glad to give you the benefit of its long experience 


in developing carbon formulas for special applications. 


ЖУ у 


INCORPORATED 


Manufacturers of fine carbon-graphite products for fifty years. 
3306 48th Avenue, Long Island City 1, New York 
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The research and production skill of 
Mycalex Corporation of America has for 
many years given design engineers the 
ultimate in versatile electrical insulation 
materials . . . MYCALEXG, the original 
glass-bonded mica . . . SYNTHAMICA, 


SUPRAMICA’ 555 


his superior ceramoplastic insulation 


— 7 m 
{ATIC 


A 25 € 
^ SUPRAM!I 


A 60-SECOND GUIDE 
TO BETTER PRODUCT PERFORMANCE © 


upramica ceramoplastics 


eee THE WORLD'S MOST NEARLY PERFECT INSULATION 


the first commercially produced synthetic 
mica ... and a completely new сегато- 
plastic — SUPRAMICA® — for applica- 
tions that demand the ideal combina- 
tion of physical, thermal and electrical 


characteristics. TYPICAL APPLICATIONS 


iS MOLDABLE! 


loss . . . very high arc resistance . . . no 
carbonization . . . resistance to moisture, 


eatures . . . continuous operation at 
emperatures up to 950°F . . . complete 
dimensional stability . . . moldable to 
precision tolerances . . . positive bond- 
ng to metal inserts . . . low electrical 


oil and organic solvents . . . permanent 
radiation resistance . . . high dielectric 
strength . . . thermal expansion coeffi- 
cient same as steel. 


TYPICAL APPLICATIONS 


IS MACHINEABLE! өл fa 


SUPRAMICA'" SOO 


. very high arc resistance . . . no 
carbonization . thermal expansion 
matching steel . . . water-, organic sol- 
vent-, and oil-proof performance . . . 
permanent radiation resistance . . . good 
mechanical strength. 


а superior ceramoplastic insulation 
res . . . continuous operation at 
res as high as 1000^F . . . 
ineable to precision tolerances . . . 
plute dimensional stability . . . high 
ttric strength . . . low electrical loss 








Famous MYCALEX Products... for applications 
MYCALEX 410 ° 
Standard quality moldable glass-bonded mica insulation. 
MYCALEX 41ОХ * MYCALEX 
Lightweight moldable glass-bonded mica insulation. 

CUSTOM- l 
MYCALEX 400° 
Standard quality machineable glass-bonded mica insulation MOLDING ‚ 
MYCALEX® K and KM AND lo. : 
Capacitor dielectrics 5 ER * CUSTOM- 
TELEMETERIN‘: EQUIPMENT and MPONENT 
Mycalex Model TM55 Series Commutation Switches and SUPRAMICA MACHINING ; j 
555 ceramoplastic Commutator Plates . perfect for low-voltage, low SERVICES 
write to Department 111 for full technical 


noise-level switching 


CORPORATION OF AMERICA 


Los Angeles Office: 5657 Wilshire Boulevard, Los Angeles, California 
Chicago Office: 6677 Northwest Highway, Chicago 31, Illinois 

ard | Minneapolis Office: 801 Southeast 8th St.. Minne 

'rsey Washington Office: 1411 Pennsylvania Aver 


General offices 

ond plant 
fton Boulev -apolis, Minnesota 
tor Tv ] 


je NW, Washington 4, D. ( 
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Tough, hard ceramic coatings 
provide superior bearing surfaces 


Sprayed alumina forms “sap- 
phire-hard" surfaces highly re- 
sistant to wear, abrasion and 
corrosion. Ideal for bearing sur- 
faces, seals. 


Development of the new METCO 
THERMOSPRAY GUN for spraying high- 
melting-point ceramic materials at low 
cost opens up a variety of new practical 
applications. One that has produced a 
great deal of interest is the use of 
sprayed alumina coatings for bearing 
surfaces and mechanical seals. This 
THERMOSPRAY 101 Ceramic Powder 
produces surfaces with a hardness of 
9.0 on the Moh scale, (only the dia- 
mond rates 10.0) with excellent resis- 
tance to wear, abrasion and corrosion. 
When used in combination with special 
phenolic or furane plastic sealers it 
provides superior protection against 
many acids 
Another THERMOSPRAY Powder — 201 
is zirconia which is somewhat softer 
than No. 101 but provides superior heat 
insulating properties. Melting point of 
this material is 4600° F. and particle 
hardness 8.0 on the Moh scale 


Pump rod sprayed 

with alumina 

provides superior 
protection against 
abrasion and corrosion. 


Hard-facing alloys of the self-fluxing, 
nickel-boron-silicon type in powder form 
can also be applied with the Metco 
Type P THERMOSPRAY GUN. These 
coatings may be fused, semi-fused, or 
left unfused depending on the hardness 
desired, from RC 30 to RC 65, depend 
ing on the alloy and the process used 


The new THERMOSPRAY GUN operates 
without compressed air, only oxygen 
and acetylene being required. The free 
flowing THERMOSPRAY powders are fed 
to the flame nozzle from a hopper atop 
the gun, melted and propelled to the 
surface to be coated. These materials 
are sprayed many times faster (up to 
15 sq. ft. per hour—.010" thick) than 
has been possible with equipment previ- 
ously available. Deposit efficiencies are 
in excess of 95%. These factors result 


in extremely low coating costs 


Preliminary engineering data con 
tained in Bulletin 127 covers ceramic 
coatings while Bulletin 126 covers the 
hard-facing alloys. Either or both may 
be obtained by filling out the coupon 
below or writing on your company’s let- 
terhead. No obligation, of course. 


The following trade names are the property of Metallizing Engi- 


neering Co., 


Inc. METCO*, THERMOSPRAY. *Reg. U.S. Pat. Off 


Metallizing Engineering Co., Inc. 


free bulletins 


(See last paragraph above) 


1173 Prospect Ave., Westbury, L. I, New York 


Please send me [] free Bulletin 127 (ceramic coatings) 
D free Bulletin 126 (hard-facing). 


Name 
Title 
Address 


City 
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Catalogs and Bulletins continued 
(O-8) SILICONE PRODUCTS— Bulletin 
AD147, 8 pp, describes molded and 
extruded parts for appliance, automo- 
tive and aircraft products as well as 
industrial seals. Garlock Packing Co.. 


Palmyra, N. Y 


(O-9) PVC PIPE, FITTINGS, VALVES 

Bulletins (3), 4 pp each, describe 
rigid, implasticized polyvinyl chloride 
products. Colonial Plastics Mfg. Co., 


8007 Grand Ave., Cleveland, Ohio 


(O-10) FIRE-RESISTANT HYDRAULIC 
FLUID 
information on installation and main 


Bulletin, 8 pp, contains factual 


tenance of this fluid where potential 
fire hazards exist. Technical data is 
given on installation as relating to 
packings, pumps, strainers, filters and 
other parts of the system E. F 
ton & Co., 303 W. Lehigh Ave 


delphia 33, Pa 


Houg- 
, Phila 


(O-11) POLYETHYLENE RESINS 

Brochure, 13 pp, includes tables on 
properties of 100 and 200 series resins; 
formulations of 300 series electrical 
grade resins; typical electrical, thermal, 
chemical resistance and film permeabil 
ity properties. U. S. Industrial Chemi 
cals Co., Div. of National Distillers 
Products Corp., 99 Park Ave., New 


York 16, N. Y 


(O-12) SOLID FILM LUBRICATION 
Brochure B 3, 8 pp, describes latest 
technical advances in solid film lubri 
cation process. Results of recent labora 
tory and research efforts are included 
Electrofilm, Inc, P. O. Box 106, N 
Hollywood, Calif 


(О-13) REINFORCED PLASTICS—Ret 
erence manual, 17 pp, describes a lami 
nated plastic sheet consisting of one or 
more sheets reinforced with lineally 
aligned glass filaments. Minnesota Min 
ing and Mfg. Co., St. Paul 6, Minn. 


Bulletin 
Í, 28 pp, describes pipe in sizes rang- 


(O-14) Ricip PVC PIPE 
2 
ing from 1^ to 6 ID. National Tube 
Div., United States Steel Corp. 525 
William Penn Pl, Pittsburgh 30, Pa 


O-15) ASBESTOS AND OTHER PROD 
ucts—Handbook, 52 pp, describes in- 
sulation and refractory products, as 
bestos-cement pipe; packings and gas- 
kets; electrical products; filters and 
fillers, silicates, friction materials. 
Johns-Manville, 22 E. 40 St., N. Y. 
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New Method For 
Protecting 
Electronic Components 


Sensitive electronic components are now 
protected from vibration and other causes 
of failure by imbedding them in elasto- 
meric alloys of “Thiokol” Liquid Polymer 
and epoxy resins. 

These new “Thiokol” Polymer-modified 
epoxies provide superior impact strength, 
better resilience, less cure shrinkage and 
lower heat rise than straight epoxy resins, 
yet they retain all the basic epoxy ad 
vantages such as high strength, chemical 
resistance, good electrical characteristics, 
and excellent adhesive properties. What's 
more, their properties can be altered and 


, € A j 
М XM 


Thiokol” Liquid Polymer is applied to jet fighter 
vibration-proof seal. (Minnesota Mining & Mfg. Co 


SEALING COMPOUND based on 
bubble to produce durable 


new ones developed merely by varying the 
ratio of "Thiokol" Liquid Polymer to 
epoxy resin. 


a 


NEW ELASTOMERIC ALLOYS of "Thiokol" Liquid 
Polymers and epoxy resins help protect these sensi 
tive electronic components 


Protective encapsulation of electronic 
components is only one of many vital new 
uses for versatile “Thiokol” Polymer 
epoxy alloys. Others include applications 
as adhesives, laminates and coatings and 
a wide and growing range of uses in the 
plastic tooling and sealing fields, 

Check the five key properties listed 
below and see where these versatile alloys 
fit into your product plans. Complete in 
formation on their properties and poten 
tialities will be furnished on request. 


New elastomeric alloys provide: 


e Resilience and impact strength 
„ Lower shrinkage 

e Room temperature cures 

* improved working properties 

e Excellent temperature cycling 
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RUGGED AIRCRAFT SEALING CHORES PROVE 


"THIOKOL" LIQUID POLYMERS CAN TAKE IT 


Tight seals are maintained 
despite vibration, solvents 


Hurtling through the air at hundreds of 
miles per hour, today’s planes put ma 
terials through the toughest of tests 


Sealants for cabins, windows and wind 
shields, for example, must stand up under 
terr.ic pressures, must remain resilient 
while temperatures rise and fall. Sealants 
for integral wing tanks must take pro- 
longed exposure to aviation fuels and still 
maintain strong, tight seals in spite of se- 
vere vibration, contraction and expansion 


To meet such exacting demands, aircraft 
manufacturers specify sealing compounds 
based on “Thiokol” Liquid Polymers 


Just what are these polymers? 


“Thiokol” Liquid Polymers are synthetic 
rubbers in liquid form that cure to solid 
rubbers without shrinkage at normal work- 
ing temperatures. Once cured, they remain 
firm and rubbery at temperatures ranging 
from 65° below to 275° above zero. They 
adhere tenaciously to metal, glass, wood, 
plastics and many other materials, are 
unaffected by ozone, sunlight, oxidation 
and weathering, and display outstanding 
resistance to solvents, oils and many 
chemicals. 

In aircraft sealing, “Thiokol” com- 
pounds are extruded in place to form 


1956 


solvent-proof, age-resistant gaskets. They 
flow into openings and irregularities and 
produce tight, leak-proof seals that lock in 
fuel and prevent loss of cabin pressure. 


Potential uses unlimited 


Though aircraft sealing is one of the more 
dramatic “Thiokol” applications, other 
uses for these versatile polymers are dis- 
covered almost every day. Liquid Polymers 
are now used in making poured-in-place 
gaskets, sealing electrical components, im- 
pregnating leather, caulking ships, casting 
molds, patterns and printers’ rolls and 
even in weather-proofing buildings. 

No doubt some of your products can 
benefit from the durability and adapta- 
bility of “Thiokol” Liquid Polymers. For 
technical information and samples, write: 
THIOKOL CHEMICAL CORPORATION, 784 
NORTH CLINTON AVE., TRENTON 7, N.J 
In Canada: Naugatuck Chemicals Divi- 
sion, Dominion Rubber Company, Elmira, 
Ontario. 

(Thiokol Chemical Corporation sup- 
plies "Thiokol" Liquid Polymer as a raw 
material. Sources of suitable compounds 
will be supplied on request.) 


Thiokol. 


PIONEER MANUFACTURERS OF 
SYNTHETIC RUBBER 
Сз! 





COMPLETE DESIGN SERVICE! 


Nobody could expect a busy design 
engineer to keep up with all properties of 
all thermoplastics. That's Gering's job 
—and we offer highly practical 
advice on thermoplastics for your specific 
application. Also ideas on possible design 
modifications to cut cost or simplify assembly 
This is only part of Gering's complete engineering and design 
service—all under one roof ...all under one 
responsibility backed by Gering's knowledge resulting 
from over thirty years experience of producing 
high quality plastics. 


LLLA 


COMPLETE PRODUCTION FACILITIES! 


For fast service—backed 
by rigid quality control ...come to 
Gering for all your thermoplastic 
extrusions. At your service are 
hundreds of dies... complete custom 
die-making...and a wide range of 
modern extruders. Why not send us your blueprint—let 
us bid on your next job. Find out for yourself that 
Gering means top quality plus dependable delivery...made 
possible only by one of the most complete and efficient 
extrusion plants in the world! 


Gering Extrudes 
Polyethylene, Acetate, 
Acrylic, Vinyl, Polystyrene, 
Butyrate; (Tenite I1), 
Ethyl Cellulose, Copolymers 
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PRODUCTS, INC. 
Monroe Street, Kenilworth, N. J: 


Catalogs and Bulletins continued 
(O-16) COLLOIDAL DISPERSIONS — 
First issue of house organ describes ap- 
plications of colloidal graphite and 
molybdenum disulfide. Acheson Col- 
loids Co., Port Huron, Mich. 


(O-17) NYLON MOLDING POwDER— 
Folder, 6 pp, includes test data. Na- 
tional Polymer Products, Inc., 125 N. 
f St., Reading, Pa. 


(O-18) EPOXY ADHESIVES— Bulletin, 
6 pp, describes group of adhesives pro- 
viding high sheer strengths at 200 to 
250 F. Furane Plastics, Inc., 4516 Brazil 
St., Los Angeles 39, Calif. 


(O-19) CHEMICAL RUBBER PRODUCTS 
— Booklet, 7 pp, touches on composi- 
tion and manufacture of a synthetic 
rubber, outlines characteristics and 
shows by examples how these proper- 
ties have proved advantageous to users 
of hose, belting, seals, coatings and 
other products. E. I. du Pont de Ne- 
mours & Co., Wilmington 98, Del. 


(O-20) PrLAsrIC PiPE— Bulletin 80-3, 
8 pp, gives information on unplas- 
ticized rigid PVC, providing engineer- 
ing data, and listing over 200 chemicals 
pipe will convey without being at- 
tacked. Joseph T. Ryerson & Son, Inc., 
P. O. Box 8000-A, Chicago 80, Ill. 


(O-21) PVC PiPE FITTINGS AND 
FLANGES—Catalog, 12 pp, describes 
pipe fittings and flanges in normal im- 
pact grade and high impact grade, 
rigid, unplasticized polyvinyl chloride. 
Shows characteristics, advantages and 
limitations. Lists operating pressures, 
temperatures, applications, price com- 
parisons, fabrication advice, installation 
and supporting recommendations, di- 
mensions and weights. Grinnell Co., 
Inc., 260 W. Exchange St., Providence 
LY 


(O-22) INDUSTRIAL FiBERS— Bulletin 
F-120-2, 4 pp, describes fibers pro- 
duced from redwood and redwood bark 
used in large commercial quantities for 
such varied applications as filtering 
agents, ceramic burnout fillers, thermal 
insulation, reinforcing in molded prod- 
ucts, furniture and toy stuffing, textile 
blends, special papers, packaging and 
bulk filling, concrete filer, sealing 
porous formations in oil well drilling. 
Pacific Lumber Co., 100 Bush St., San 
Francisco 4, Calif. 
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Improve your products... your production... 
with Taylor Vulcanized Fibre and Laminated Plastics 


The superior characteristics of these Taylor materials may 


prove the means of effecting savings in manufacturing costs and 


improvements in performance for the products which you’re making. 


Mi TAYLOR PHENOL LAMINATES 


Over 30 grades of Taylor phenol laminates 
give you a broad selection of physical, 
electrical and fabricating qualities. Out- 
standing among the new paper base types 
are Grade XX XP-242 which can be cold 
punched . . . Grade XP-240, cold-punch- 
ed in \%" thicknesses, and needs only 
warming for punching intricate shapes 
and heavier sections and Grade 
XXP-241, a high-stability hot-punch ma- 
terial with excellent electrical and physical 
qualities. The ':300" series of hot punch 
laminates affords premium properties for 
electronic applications, without premium 
price. Numerous other grades are avail- 
able with paper, cotton fabric or mat, 
asbestos, glass fabric or nylon fabric bases. 


Il TAYLOR INSULATION 


A specialized grade of vulcanized fibre, 
sometimes called ''fish paper," particularly 
made for electrical applications. Excellent 
flexibility and bending qualities, high di- 
electric strength, arc resistance, and ex- 
treme toughness are its outstanding quali- 
ties. Available in sheets, rolls, and ribbon 
rolls for automatic machines. 


B TAYLOR VULCANIZED FIBRE 


Made from hydrolyzed cellulose, this mate- 
rial is tough and dense. Its high mechan- 
ical, dielectric and arc resistance charac- 
teristics fit it for many structural and in- 
sulating applications. It has low thermal 
conductivity, is unaffected by most sol- 
vents, and withstands the most severe 
wear and abrasion. Only about half as 
heavy as aluminum, it is exceptionally 
easy to punch, machine and form. Avail- 
able in sheets, rolls, turned rods, and in 
built-up form up to 2" thick. Colors: red, 
black, gray and trunk colors. Grades: com- 
mercial, bone, super white, trunk and 
case, backers for abrasive disc, flexible, 
built-up. 


ШИ TAYLOR COPPER-CLAD LAMINATES 
Consistently satisfactory etching, excel- 
lent uniformity and high insulation resist- 
ance after etching result from use of high 
purity rolled copper . . . bonded to glass- 
epoxy or to various other base laminates 
with a wide selection of properties. High 
resistance to dip soldering temperatures 
up to 500F:; 

W TAYLOR SILICONE LAMINATES 
Woven glass fabric impregnated with sili- 
cone resin has excellent electrical and 
mechanical properties . . . low loss factor 
...resistance to acids... withstands tem- 
peratures up to 500F. 

Mi TAYLOR EPOXY LAMINATES 
Consist of continuous filament glass fabric 
impregnated with an epoxy resin. Good 
chemical resistance is combined with ex- 
cellent electrical and mechanical proper- 
ties and low moisture absorption. Avail- 
able in sheets and rolled tubes. 


Mi TAYLOR MELAMINE LAMINATES 

This series of laminates, made from glass 
cloth or cotton fabric impregnated with 
melamine formaldehyde resin, has espe- 
cially good arc resistance...combined with 
high mechanical and dielectric strength. 
They are resistant to heat, flame, solvents 
and alkalis. Available in sheets, rods and 
tubes. 


* ENGINEERING AND FABRICATING SERVICES 
Taylor’s Fabricated Parts Division is fully 
equipped to manufacture parts to your 
specifications, from any of the grades of 
Taylor Vulcanized Fibre and Laminated 
Plastics. You’ll find deliveries prompt . . . 
costs economical. 


‘Taylor engineers will be glad to assist you 
in the selection of correct grades and in 
the design of parts to obtain full utiliza- 
tion of the superior qualities of these 
versatile materials. Write today for full 
information. 


Taylor Fibre Co. + Plants at Norristown, Pa. and La Verne, California 


@ Branch offices: in Atlanta; Boston; Chicago; Cleveland; Dayton; Detroit; 
Indianapolis; Los Angeles; Milwaukee; New York City; 
Philadelphia; Rochester; San Francisco; 
Rockville, Connecticut. Distributors in Grand Prairie and 
Houston, Texas; Miami, Florida; and Toronto, Ontario. 
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Louis; and 


TAYLOR 


Laminated Plastics 
Vulcanized Fibre 
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CORDOPREG' 
* MOBALOY' 


Se 


Quality-controlled, pre-impregnated 
glass fabrics available with these 
stabilized CORDO RESINS: 

* POLYESTER * SILICONE 

*EPOXY *DAP 

*HIGH TEMPERATURE PHENOLIC 
approved and specified by leading 
manufacturers for aircraft and guided 
missiles. 
CORDOPREG + MOBALOY offers 
outstanding advantages to the molder, 
as it may be easily and rapidly han- 
died in die cutting and press loading 
and is ideal for automation process- 
ing. CORDOPREG + MOBALOY virtu- 
ally eliminates waste, assures consist- 
ently high quality with increased press 
output, and lowers tool and overhead 
costs 


CORDO leadership in research and 
development is available for econom- 
ical, accurate evaluation of new prod- 
ucts. Write for catalogs and full 
information. 


MOLDING PRODUCTS INC. 
230 Park Avenue * New York 17, N. Y. 


Dept. C.3 


Registered 


Catalogs and Bulletins continued 


(О-23) HEAT CONDUCTING CEMENT 
—Bulletin, 11 pp, describes three ther- 
mal conducting cements. These thermal 
conducting cements are used primarily 
to improve the heat transfer between 
tracings and process equipment. They 
enlarge the contact area between trac- 
ing and process equipment, improving 
the thermal conductivity. Climax Mfg 
Corp., 900 Wilmington Road, New 
Castle, Del. 


(O-24) MOLDED TEFLON—Brochure 
contains illustrations of applications of 
Teflon as cup, ball or shaft seals, wash- 
ers, gaskets and diaphragms. Sparta 
Mfg. Co., Dover, Ohio 


(O-25) PVC PIPE AND FITTINGS 

Bulletin PE-40, 11 pp, gives physical 
properties, uses and specified dimen 
sions. Corning Glass Works, Corning, 


N. Y 


(Q-26) SILICONE PRODUCTS—Book 
let, 11 pp, describes almost 150 silicone 
products, 18 of which were first intro 
duced within the last 12 months. Dow 
Corning Corp., Midland, Mich 


(O-27) PrLAsrIC PRODUCTS— Bulletin, 
4 pp, describes line of nylon, Teflon 
and other non-metallics in terms of 
properties and characteristics. Polymer 
Corp. of Pennsylvania, Reading, Pa 


(O-28) POLYESTER FiLM—Booklet, 7 
pp, has commercial uses and detailed 
physical and chemical properties of 
Mylar polyester film. E. I. du Pont de 
Nemours & Co., Wilmington 98, Del 


(O-29) ASBESTOS TEXTILES—Manual, 
16 pp, covers asbestos lap, roving, yarn, 
cloth, tubing, cord, wick, rope and tape 
and contains photographs, drawings 
and essential data in tabular form 
Johns-Manville, 22 E. 40 St., N. Y- 

(O-30) MOLDED RUBBER PARTS — 
Catalog, 12 pp, describes bumpers, 
suction cups, tips, seals and washers, 
electrical and automotive parts. Paul- 


Martin Rubber Corp., Holyoke, Mass. 


(O-31) FLUOROCARBON RUBBER — 
Booklet, 16 pp, gives gum characteris- 
tics and properties of the resulting 
vulcanizates, including physicals, ther- 
mal stability, water absorption, gas 
permeability, low temperature behav- 
ior, electrical values, and chemical re- 
sistance. M. W. Kellogg Co., P. O. Box 
169, Jersey City 3, N. J 
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For Corrosion Protection, Paint Base, Decorative Finishing of 


ZINC e CADMIUM e ALUMINUM e COPPER ALLOYS e MAGNESIUM e SILVER 
In Any Commercial Form 


Reference Guide 


to IRIDITE 


CHROMATE CONVERSION COATINGS 


For your convenience in selecting the chromate coating 
best suited to your needs, here are the currently available 
Iridite finishes. All provide excellent corrosion resistance 
and paint base. A wide range of attractive appearances, 
including lustrous, chemically polished bright finishes, is 
also available. In addition, some Iridite films may be dyed 
red, blue, green, yellow, orange or black. As the appear- 
ance and the performance of the coating varies with the 
Iridite used, the type of metal and the operating cycle, 
you can be assured of best results by discussing your 
finishing requirements with the Allied Field Engineer in 
your area. He'll be glad to review your particular problem 
and make specific recommendations to you 


WHAT IS IRIDITE'? 


Briefly, lridite is the tradename for a specialized 
line of chromate conversion finishes. They are gen- 
erally applied by dip, some by brush or spray, 
mainly at room temperature, with automatic equip- 
ment or manual finishing facilities. During applica- 
tion, a chemical reaction occurs that produces a 
thin (.00002” max.) gel-like, complex chromate 
film of a non-porous nature on the surface of the 
metal. This film is an integral part of the metal 
itself, thus cannot flake, chip or peel. No special 
equipment, exhaust systems or specially trained 
personnel are required. 


ауэ 


METAL NUMBER 


TYPE OF | 


FORM ОР 


ZINC and 
CADMIUM 


ALUMINUM 


CUPROUS 
ALLOYS 


MAGNESIUM 


SILVER 





NAME 


(Olive-Drab) 
(Galvon) 
(Bronze) 
(Bright) (Cadmium only) 
(Cadmium-Bright) (Cadmium 
only) 
(Bright) (Zinc only) 
(Bright) (Zinc only) 
(Bright) 
(Cast-Zinc-Bright) 
Zamac *3 type alloys 
(Cast-Zinc-Bright) 
Zamac #5 type alloys 
(Spectron) 
(Hue-Bright) 


(Blu-Brite) 
(Economy-Pak) 


(Brite-Zinc-Seal) 


(AL-Coat) 
(AL-Coat) (Improved form) 


(Metcote) 
(Cupreous-Kote) 


(Mag-Coat) 


(Silver-Kote) 
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COLOR OF FILM 


Olive-Drab 
Olive-Drab 
Bronze 
Clear 
Clear 


Clear 
Clear 
Clear Bright 
Bright 


Bright 


Yellow 

Clear to Bronze 

Yellow 

Blue or Yellow Bright 

Clear or Yellow 
Bright 

Blue Bright 


Clear to Yellow 
Clear to Brown 


Clear 
Natural 


Dark Brown 


Pale Yellow 


| FORM OF METAL* 


P,D/C 
Galvanize 
P, D/C 
Plate 
Plate 


Plate 
Plate 
Plate 
D/C 


D/C 


Galvanize 
Plate 

D.C & Galv. 
P, D/C, Galv. 
P, D/C 


Plate 


All Forms 
All Forms 


All Forms 
All Forms 


Wrought, Cast, 


Extruded 


Plate 


OPERATION’ 


Im 


IRIDITE 


Liquid 
Liquid 
Liquid 
Liquid 
Ром; Ша 


Liquid 
Liquid 
Powder 
Liquid 


Liquid 


Liquid 
Liquid 


Powder 
Liquid 


Liquid 


Powder 
Powder 


Liquid 
Powder 


Powder 


Powder 





Research —Engineering — Manufacturing of all types of 


Reinforced Phenolics and Melamines Catalogs and Bulletins continued 


(O-32) SHEETING AND TAPE—Cata- 
log, 8 pp, contains technical data, de- 
scriptions, photos and application in- 
formation. Insulation Manufacturers 
Corp., Chicago, Ill. 

Intercom Cabinet 
Molded of cotton fabric 
reinforced melamine 2015 


(O-33) WAXES—Bulletin 22, 16 pp, 
describes line of paraffin and micro- 
crystalline waxes. Sun Oil Co., Phila- 
delphia 3, Pa. 


Whatever you need in rein- 

forced phenolics. ..wheth- 

er it’s cellulose reinforced 

FM-1914 . . . or cotton 

fabric reinforced FM-1132, 

FM-3510, FM-926 or — | 

3515 . . . or cotton cor i (О-34 ST, 3 TIC C x 

reinforced FM-11678 | 9 t) STRIPPABLE PLASTIC СОАТ 

or asbestos reinforced FM- | ING—Bulletin M-3, 4 рр, describes 
17610 . . . or glass fiber reinforced 4030-190 or | 


4031... or colorful melamines reinforced with 


cotton fabric such as 2015 . . . or dozens of — M 


other formulations with special ue" rties... 
i 


call on Fiperire for the right 
plastic for your needs. 


Housing 
Molded of cotton 


igh strength fabric reinforced 


phenolic FM-3510 


Properties of some FIBERITE materials... 


Not. FM-1914 
[4] | 8l. & Nat. FM-1132 


Bl. & Not. FM-3510 


Any 2015 
Tan FM-926 
Nat. FM-17610 


ВІ. & Топ FM-11678 Nat. 4030-190 


Bl. & Not. FM-3515 


FM-1914 
FM-1132 
FM-3510 
FM-11678 
in Notch FM-17610 


FM-1914 
FM-1132 

FM-3510 

FM-11678 

Psi 118,000 FM-17610 


26,000 FM-1914 
28,000 FM-1132 
25,000 FM-3510 
19,000 FM-11678 
PSI 124,000 FM-17610 


6,500 FM-1914 
(7,000 FM-1132 
7,500 FM-3510 
7,000 FM-11678 
PSI 9,000 FM-17610 


300  FM-1914 
(300  FM-1132 
275 РМ-3510, 
(Dry) short ) 250 РМ-1167 
time V/M ( 90 ЕМ-17610 


1.37 FM-1914 

\1.37 FM-1132 

1:37  FM-3510 

1:38 FM-11678 
Molded 1.68 — FM-17610 


275  FM-1914 

(300 — FM-1132 

325  FM-3510 

300  FM-11678 

Point °F 350 — FM-17610 


38¢ FM-1914 

39.5¢ FM-1132 
5000 Ib./ 39.56 FM-3510 
shipments | 67 ¢ FM-11678 
delivered ! $1.07. FM-17610 


WRITE FOR 


Nat. 4031 


18.0 4030-190 
18. 


16,000 2015 
13,000 FM-926 
13,000 FM-3515 
24,000 4030-190 
21,000 4031 


32,000 2015 
25,000 FM-926 
27,000 FM-3515 
35,000 4030-190 
20,000 4031 


7,000 2015 
7,600 FM-926 
7,000 FM-3515 
11,000 4030-190 
9,000 4031 


225 2015 

275 FM-926 
400 FM-3515 
395 4030-190 
110 4031 


52 2015 

7  FM-926 
4  FM-3515 
2 4030-190 
2 


4031 


1. 
1, 
1. 
1. 
1. 


7 


om 2015 
300 FM-926 
300  FM-3515 
600 4030-190 
600 4031 


57€ 2015 
43.56 FM-926 
39.5€ FM-3515 
78€ 4030-190 
62.56 4031 


COMPLETE THE FIBERITE 


INFORMATION 4, i 2 
DEPT. PED6 M 


WINONA, MINNESOTA » 


Chicage Office: 
BO E. Jockson Blvd. 
HA. 7-1164 


Ром Fina 
Dovid Shorpe 
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TION 


Phone 2316 


Western Office: 
West Coast Plostics 
8510 Worner Drive 
Culver City, Calif. 
TE. 0-1000 


temporary protective coating for lac- 
quered, painted and enameled surfaces. 


Spraylat Corp., 1 Park Ave., New York 
16, N. Y. 


(O-35) SHEET MICA PRODUCTS — 
Catalog 25, 30 pp, describes com- 
pressed sheet mica products for such 
parts as milled molding plate, segment 
plate, plate for flat work, flexible plate 
for cold forming, silicone bonded 


sheets, paper and cloth. Macallen Co., 
Newmarket, N. H. 


(O-36) LAMINATED PLASTICS AND 
VULCANIZED FIBER — Folder, 4 pp, 
gives characteristics and properties of 
some 30 laminates and 10 fibers. Taylor 
Fiber Co., Norristown, Pa. 


(О-37) TREATED AND COATED FAB- 
RIC AND PAPER—Catalog, 20 pp, con- 
tains revised and added technical data, 
descriptions, photos, applications and 
information on treated and coated fab- 
ric and paper for electrical insulation 
users. Insulation Manufacturers Corp., 
565 W. Washington Blvd., Chicago 6. 


(O-38) ENAMELING IRON—Booklet, 
32 pp, deals with the subject of porce- 
lain enamel and enameling iron. A 
section on enameling iron covers such 
points as uniformity, surface, mechani 
cal properties and gages and sizes 
Other sections discuss design for por- 
celain enamel parts, fabrication, clean- 
ing and pickling, good enameling 
practice, testing and safe crating. 
Armco Steel Corp., Middletown, Ohio. 


(O-39) TEFLON PRODUCTS— Bulletin 
500, 11 pp, includes tables and descrip- 
tions of chemical, electrical, thermal 
and mechanical properties of Teflon 
and gives dimensions, weights and 
tolerances of sheets, tape, molded 
cylinders and bars, extruded tubing and 
rods, electrical spaghetti, beading and 
extruded shapes. United States Gasket 
Co., Camden 1, N. J. 
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DURABILITY? 


Looking for rubber with. unusual durability? General Electric 

silicone rubber offers exceptional resistance to aging, ozone G-E silicone rubber provides... 
and weathering. For example, it provides virtually ageless 

insulation for transformers and turbine generators. It makes 

aircraft seals which are unaffected by weather or by ozone con- 

centrations at high altitudes. If durability is what you need in Outstanding — 


rubber parts, specify General Electric silicone rubber! resistance to resistance to 
extreme compression 


Where can YOU use G-E silicone rubber? — set 
'T here's a kind for almost every requirement, classified accord- 
ing to dominant property for easy selection and specification. c. 
For example: Class 300 offers the best recovery after compres- Dielectric Unequalled 
sion of any known rubber! Class 700 provides serviceability strength i resistance to 


X 
3 Е da : stable at high A / aging, ozone 
at temperatures up to 600 F! Which class is best for you? temperatures ~ r weathering 


For more details on G-E silicone rubber, 
see your “Sweet's Product Design File.” 


SILICONE PRODUCTS DEPARTMENT Section 61-5D 
GENERAL ELECTRIC COMPANY WATERFORD, NEW YORK 


Send today for a NEW, REVISED atm Please send me, at no obligation, technical data on 
"LIGHTNING SELECTOR"! 2 EC G-E silicone rubber, including a newly revised 


Lightning Selector” and up-to-date list of fabricators 


Progress /s Our Most Important Prodvet 


rm 


GENERAL (® ELECTRIC) o. 


City SS ЗОВОО 








IN CANADA: MAIL TO CANADIAN GENERAL ELECTRIC COMPANY, LTO., TORONTO 
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sk JOHNSON 


RUBBER, PLASTIC 
and SILICONE 


JTNEXTRUSION | 
MOLDED GOODS 


2e 


SALES OFFICES IN 
ү, | LEADING CITIES 
FOR DIE & LATHE CUT 


FRICTION FREE RUBBER PRODUCTS 
юнсот ШЙ 


ANCORENE " 


JOHNSON PLASTRC CORPORATION 


CHAGRIN FALLS OHIO 
Tough extruded plastic tracks for 
sliding glass panels, mirrors, book- 
case doors, cabinet doors are de- 
signed with convex platforms for 
effortless gliding ease without 
rollers. 


| 


= ==» ш ан» е ой» айз ате аң, 
uam eb «pep dh upepena, 


9 Single, double or triple tracks; 


special designs 
top and bottom tracks 
Ancorene will not chip, warp | 
or rust—many colors available 

Wide range of sizes! 
Low cost dies enable you to ... Quick delivery! 
specify any design to suit your 


. . High quality! . . . 
needs 


Quantity orders also 
€ Standard tracks available quickly filled! 


Send us your print for quotation or BROCHURE SHOWING COMPLETE 
write for specific information 


required. LINE WILL ALSO BE 
SENT ON REQUEST! 


Reg. Trademark 


ANCHOR ptastics company, INC. 
36-36 36th St. Long Island City 6, N. Y. 


RODS * TUBES * SHAPES * MOULDINGS * TO SPECIFICATIONS 14279 E. Nine Mile Rd., East Detroit, Mich 
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Here are the two 

basic design manuals on 

PLexiGLas molding powders and 

sheets. They are detailed presentations, fully diagrammed 

and illustrated, showing the best ways to make use of 
this Rohm & Haas Company acrylic plastic. 


Molding Powder Product Design discusses principles 
of optical design, decorative effects, and methods of 
attaching molded PLEXIGLAS parts. 


Design and Fabrication Data covers the fabricating 


ROHM & HAAS COMPANY 


Please send me: 
"Molding Powder Product Design”. 
"Design and Fabrication Data”. 
Name 


Company 
Address 
City... 
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techniques and design considerations for making prod- 
ucts from PLEXIGLAS sheets. 


Strength, beauty, dimensional stability, resistance to 
weather and breakage—these are some of the properties 
that make PLEXIGLAS a preferred material for scores of 
industrial and commercial products. The brochures 
shown above have been prepared to help product designers 
and engineers use these properties to best advantage. To 
obtain your copies promptly, just use the coupon below. 
In addition, we will be glad to advise you on how a spe- 
cific design problem may be solved with PLexicras, 


COMPANY 


WASHINGTON SQUARE, PHILADELPHIA 5, PA. 
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Your Desiqus 


Really 
Complete? 


The design of equipment 
should cover all factors—and 
one of the most important is 
the lubrication. Complete the 
design with a lubricant engi- 
neered by Anderol to meet 
the special demands of the 


product: 


i Temperature Range 
û Corrosion 

û Load Capacity 

û Rust Protection 

û Lifetime Lubrication 


Regardless of volume or require- 
ments, Lehigh will engineer a special 
to do 


\nderol synthetic lubricant 


the job. 


WRITE TODAY: 


For samples, complete data, 
and government specifications. 
Our laboratories are at 
service. Write Dept. 12 


your 


rrnrn 


JT! ANIT 
РЕК! | 
Ul NLLRCU LUDRILAN 


I. 
id 


\ 


Lehigh Chemical 
Company 
CHESTERTOWN, MARYLAND 
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Catalogs and Bulletins continued 


(O-40) ALKYD MOLDING COM- 
POUNDS—Folder, 4 pp, presents data 
on granular, putty, and glass-reinforced 
compounds. Barrett Div., Allied Chem- 
ical & Dye Corp., 40 Rector St., New 
York 6, N. Y. 


(O-41) POLYETHYLENE SHEETING 

Bulletin, 5 pp, includes information on 
current and suggested uses of heavy 
gauge polyethylene, its properties and 
chemical resistance. Celanese Corp. of 
America, 290 Ferry St., Newark 5, N. J. 


(0-42) ZINC COATINGS AND ANODES 
—Booklet, 32 
charts and photographs together with 
brief comments on corrosion control 


pp, contains drawings, 


characteristics of zinc coatings, zinc 
pigments and zinc anodes. American 
Zinc Institute, 60 E. 42 St, New York 
INT 

(O-43) FUSED QUARTZ—Bulletin, 2 
pp, describes material for lenses and 
other optical applications. Amersil Co., 
Inc., 685 Ramsey Ave., Hillside 5, N. J 


(0-44) SILICONE RUBBER—Folder, 4 
pp, details properties and performance 
as affected by extreme temperatures, 
weathering, compression, chemicals 
and dielectric service. Dow Corning 


Corp., Midland, Mich 


(O-45) CHROMIUM PLATING—Bul- 
letin CFC-1, 4 pp, is illustrated with 
comparative cross-sectional and surface 
views of crack-free chromium and or- 
dinary chromium plating together with 
photos of applications. United Chro- 
mium, Inc., 100 E. 42 St, New York 
7. N.Y 


(О-46) RUBBER-PHENOLICS — Bro- 
chure CDC-237A, 32 pp, contains 25 
concise case histories. General Electric 
Co., Pittsfield, Mass 


(O-47) MOLDING MATERIALS—Wall 
chart compares properties of styrene 
molding compounds. Monsanto Chem- 
ical Co., Springfield 2, Mass 


(0-48) UREA AND MELAMINE COAT 
ING RESINS— Booklet, 11 pp, presents 
properties of these resins together with 
recommendations for use. Suggested 
formulations both for alkyd-urea and 
alkyd-melamine baking enamels are 
included together with charts showing 
cure rates. Barrett Div., Allied Chemi- 
cal & Dye Corp., 40 Rector St., New 
York 6, N. Y. 


SEND FOR 
YOUR FREE 
COPY 
TODAY! 


| CONTINENTAL FELT COMPANY. meise 


22-26 WEST 15th STREET NEW YORK !!, M. Y. 


FOR FAST HELP on 
DESIGN PROBLEMS 


... consult the 


PRODUCT INDEX 


of this 


DESIGN DIGEST 


(Begins on page 12) 
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PROPERTY AND APPLICATION DATA ON THESE 
VERSATILE ENGINEERING MATERIALS: “ZYTEL,” 
“ALATHON,” “TEFLON,” “LUCITE.” 


Clutch facings of ZYTEL" nvlon resin are economi rally injection 


molded...last 5 times longer than metal parts replaced 


Parts of “Zytel” like these clutch facings can be mass-produced by injection molding 
(see inset) in multi-cavity dies—a fast, efficient method of fabricating, which gener- 


ally requires no after-finishing. (Clutch facings molded by Danielson Manufactur- 


Crystal-clear safety shield 
of LUCITE® protects 
against flashbulb shatter 


BECAUSE it is transparent and durable, **Lu- 
cite" acrylic resin offers outstanding advan- 
tages. Its high impact strength and weather 
resistance afford long wear and heavy-duty 
service. "Lucite" gives optimum transpar- 
ency and can be colored to provide unusual 
decorative effects. 

An interesting application of this engi- 
neering material is in the new Kalart flash 
attachment. “Lucite” is used for a safety 
shield protecting subjects from possible shat- 
ter of flashbulbs. Economically molded, “L u- 
cite" withstands heat without discoloriug. 


ing Company, Danielson, Connecticut.) 


THIS CLUTCH revolves at 1750 rpm, 
transmitting 75 ounce-inches of 
torque. It is engaged and disen- 
gaged up to 40 cycles a minute, 24 
hours a day. Minnesota Mining & 
Manufacturing Company, St. Paul, 
Minnesota, formerly 
treated metal 
heavy-duty job, but had to replace 


heat- 
facings for this 


used 


them an average of 17 times a year. 
After a change to facings molded 
of tough, wear-resistant "Zytel" 
nylon resin, replacements were re- 
quired only three times a year! 
The metal clutch components 
cost $8.75 apiece. Those of *Zytel" 
are 32¢ each. The savings realized 
on the first 91 facings of "Zytel" 
covered the costs of the die re- 
quired to mold these precision 
parts. Minnesota Mining & Manu- 


facturing Company estimates an 
annual $150.00 per 
clutch installation, to which can 


saving of 


be added savings which accrue 
from only three machine shut- 
downs a year instead of seventeen. 
This kind of efficiency and econ- 
omy can be yours if you examine 
the properties of “Zytel”. Design- 
ers and engineers have found end- 
less uses for this versatile material. 
Some of the many successful ap- 
plications of “Zytel” are bearings, 
gears, cams, rollers and bushings. 
Learn more about the resilience, 
heat resistance, and strength of 
"Zytel". Apply its combination of 
properties to your product needs. 
For information on Du Pont “Zy; 
tel", mail the coupon on 
the next page. 
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PROPERTY AND APPLICATION DATA ON THESE 


VERSATILE ENGINEERING MATERIALS: “ZYTEL,” 
“ALATHON,” “TEFLON,” “LUCITE.” 


5 examples of how Du Pont engineering materials 
help solve design problems 


LUCITE® acrylic resin adds beauty and dura- 
bility to embedments, which have a variety 
of uses. Small items such as electrical com- 
ponents or intricate mechanisms, as well as 
miniatures of larger products, can be em- 
bedded in the “Lucite” either singly or in 
patterns giving exploded-view effects. These 
miniature sales showcases can be handled 
indefinitely without growing grimy and los- 
ing their functional and promotional value. 
(Embedments shown made by Plastic Devel- 
opments, Inc., Attleboro, Mass.) 


TEFLON ® tetrafluoroethylene resin in gaskets 
for swivel joints is without equal for long 
wear and trouble-free service. Joints main- 
tain their seal under the most adverse condi- 
tions. They excel in steam service, perform 
uniformly within the temperature range of 

50°F. to 450°F., are smoother, tougher, 
and longer wearing—no lubrication ever 
needed. (Swivel joints by Barco Manufac- 
turing Co., Barrington, Illinois ) 


TEFLON ® tetrafluoroethylene resin is utilized 
in miniature and subminiature stand-off and 
feed-through terminals. They cost less than 
conventional glass or ceramic terminals, and 
they offer further economy in reduced labor 
and assembly time. 

These terminals of “Teflon” are of а 
molded, one-piece construction, and can be 
simply and permanently mounted into chas- 
sis holes by press-fitting, using an inexpen- 
sive insertion tool. The resiliency of “Teflon” 
enables these terminals to be pressed in 
place for rigid and permanent installation 
without requiring any soldering operations 
or any other hardware. 

The superior electrical, mechanical and 
chemical properties of "Teflon" further in- 
crease the range of application for these 
miniature terminals. They are tough and re- 
main resilient over a temperature range of 

100 €. to 250 C. Dielectric strength of 
"Teflon" is high over a considerable tem- 
perature range. "Teflon" is chemically inert 
to any known solvents, acids or bases. Ter- 
minals can be used in military equipment for 
tropical use, without additional fungicidal 
treatment. Terminals will not melt, burn or 
char. ("Press-Fit" terminals manufactured 
by the Sealectro Corp., New Rochelle, N.Y.) 


These applications are typical of the product 
improvements made possible when design 
and service requirements are evaluated in 
terms of the properties of these unique en- 
gineering materials. For further informa- 
tion, mail the coupon below. 


E. |. DU PONT DE NEMOURS & CO. (inc.) POLYCHEMICALS DEPARTMENT 
Room 1010, Du Pont Building, Wilmington 98, Delaware. 
in Canada: Du Pont Company of Canada, Ltd., P. O. Box 660, Montreal, Quebec. 


Please send me more information on the Du Pont engineering materials 


checked: [] “Zytel”; C] “Alathon”; C] “Teflon”; Q “Lucite”. 


terested in evaluating these materials for: 


NAME 

COMPANY 

STREET 

CITY 

TYPE OF BUSINESS 


| am in- 


POSITION 


STATE 


*" Alathon", “Lucite”, “Teflon” and “Zytel” are registered trade-marks of E. I. du Pont de Nemours & Co. (Inc.) 


ZYTEL® nylon resin is the only material used 
in the Nylon-Maid shower heads. The inher- 
ent chemical resistance of “Zytel” enables 
these shower heads to function without dan- 
ger of corrosion. They are easily installed 
and adjusted. Shower heads of "Zytel" are 
tough, resilient, and heat-resistant. They 
offer years of trouble-free service. (Shower 
heads by Nylon-Maid, Inc., Glendora, Cali- 
fornia. Parts of "Zytel" by Rainbow Plas- 
tics, El Monte, California.) 


ALATHON® polyethylene resin has replaced 
wood in the sticks which act as a knife stop 
for this paper cutter. The life of ““Alathon” 
is six times greater than that of wood, and 
tests have shown that the cutting knife will 
last twice as long when "Alathon" is used. 
It provides savings in costs and down time. 
(Cutting stick by Cefaly Experimental Co., 
Inc., Brentwood, Maryland.) 


Investigate DuPont engineering 
materials in vour 


product development programs 


One of the family of these versatile engi- 
neering materials is often a key factor in 
product improvement or new product de- 
sign. The wide range of properties avail- 
able with "Alathon"* polyethylene resin, 
"Lucite"* acrylic resin, "Teflon"* tetra- 
fluoroethylene resin, and "Zytel"* nylon 
resin are helping solve industrial design 
problems. 

NEED MORE INFORMATION? Clip the 
coupon for additional data on the proper- 
ties and application of these Du Pont en- 
gineering materials. 
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in laminated plates 


ORMICA laminated plastics: Productive Formica comes in sheets, It can do as well for you... in difficult 
toughest, strongest, most durable tubes, rods and special postformed and electrical, chemical and mechanical 
material in its weight class. It’s half the molded forms. It can be fabricated — applications. Why not send today for 
weight of aluminum. Its strength-weight punched, turned, milled, drilled, latest general catalog? 
ratio compares favorably with steel. threaded and stamped —on machinery 

: : : a The Formica Co. 

Resists corrosion and will not support already in your shop. 
vibration. Meets or exceeds the stand- It’s noted for increasing sales volume 4676 Spring Grove Ave. 
ards set by N. E. M. A. and for lowering manufacturing costs. Cincinnati 32, Ohio, U. S. A. 
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like filing away your copies of 
Product Engineering 


When you file your copies of Product Engineering, you build up 
a VALUABLE REFERENCE LIBRARY for your home or office. 
When you use Jesse Jones Files, you keep your magazines orderly 
and in perfect condition. 


Especially designed for Product Engineering, two of these strong, 
durable files will hold copies from full year's subscription. Rich 
maroon Kivar cover looks and feels like leather, and is set off 
with 16-carat gold lettering. Completely washable. 


Only $2.50 each, 3 for $7.00, 6 for $13.00 POSTPAID. 
Add $1.00 postage for orders outside U.S. 


Satisfaction unconditionally guaranteed or your money back. 


ORDER YOUR 


JESSE JONES FILES 
TODAY! 


JESSE JONES BOX CORPORATION, Dept. P.E. (Est. 1843) 
P.0. Box 5120 
Philadelphia 41, Pa. 


Please send me, postpaid Product Enginering files 
| enclose Bill me 


Name 
Address . 
City 


Catalogs and Bulletins continued 


(O-49) Cast GLASS BUSHINGS — 
Booklet, 9 pp, contains engineering 
and application information on this 
type of entrance bushing for hermeti- 
cally sealed apparatus. General Electric 
Co., P. O. Box 57, Baltimore 3, Md. 


(O-50) INDUSTRIAL CoRK—Bulletin 
S-56, 4 pp, discusses the properties of 
both natural and composition cork, 
along with available forms, specifica- 
tions, sheet sizes and thicknesses. 
Dodge Cork Co., Inc., Lancaster, Pa 


(O-51) FLUOROCARBON OILS, WAXES, 
GREASES Booklet, 16 pp, contains 
data on chemical structure, specifica 
tions, properties, applications and gen- 
eral description of a new group of 
fluorocarbon oils, waxes and greases 
for industrial. M. W. Kellogg, P. O 
Box 469, Jersey City 3, N. J 


(O-52) AsBESTOS SHEET PACKING— 
Data sheet, 3 pp. Specifications and 
uses of 11 grades of sheet are given 
B. F. Goodrich Co., Akron, Ohio 


(O-53) MOLYBDENUM DISULFIDE 
Bulletin 103A, 4 pp, lists 17 types of 
this lubricant. Alpha Molykote Corp., 
65 Harvard Ave., Stamford, Conn 


(0-54) NYLON TUBING, BAR, STRIP 


Folder, 6 pp, describes nylon as a 
maintenance material for mechanical, 
chemical and electrical applications 


Polymer Corp. of Pennsylvania, Read 
ing, Pa 


(O-55) CERAMIC MATERIALS—Bulle 
tin, 6 pp, has a chart which gives physi 
cal and electrical characteristics for all 
of the materials, including authorita 
tive data on alumina, Stupalith, cordier- 
ite, forsterite and other ceramic mate 
rials. Stupakoff Div., Carborundum 
Co., Latrobe, Pa. 


(O-56) PLASTIC EXTRUSION AND 
MOLDING Bulletin, 8 pp. Photo 
graphs show laboratory processes along 
with variety of molded and extruded 
parts. Also, ASTM compounds and 
characteristics, including natural rub- 
ber, GRS, buna-N, neoprene, and 
butyl. Geauga Industries, Middlefield, 
Ohio 


(O-57) PORCELAIN AND STONEWARI 

Bulletin CHE-55, 15 pp, describes 
pipe, fittings, valves and pumps, other 
equipment. General Ceramics Corp., 


Keasbey, N. ] 
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Thev Come Home 


Kubl 
vubber 


military 


Gaskets made of UNION CARBIDE Silicone 


ind 


play an important part in helping 
commercial pilots get home safely. U sed in a loop 
antenna, they form a long-lasting seal around. 14 
error-compensating screws ina re volutionary new 
lightweight Automatie Direction Finder made by 
Aircraft Radio Corp., Boonton, N. J. 

l nder permanent compression, the gaskets stay 
flexible even at 59 C. 61 F.). sealing out 


moisture despite widely varying atmospheric 


pressures, and sealing in dry nitrogen. They also 


act as vibration-proof locks for the screws after 


SILICONES DIVISION 


UNION CARBIDE 


AND CARBON CORPORATION 
0 EAST (aq NEW YORK N. Y 


Linde Air Product Division of 1 
The term “Union Carbid i trad k of Li 


12ND STREET 


In Canada Company nion Carbide 
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ion Carb nd Carbon Corpi 


SILICONE 
RUBBER GASKET 


;askets that seal error: 
ompensating screws, as 
well as washers that seal 
yndensers and transformers 
for direction finder, are 
molded by Norris Mfg. Co, 
Hawthorne, N. J 


to Roost More Safely 


the final installation adjustments have been made. 
They are ozone-resistant, and 
Aircraft Radio 


reports that no other elastomer will do the re- 


self-lubricating, 


will not take a compression set. 


quired job. 
Besides being a leading producer of versatile 


silicone rubber, UNION CARBIDE makes outstand- 


ingly useful silicone electrical insulation resins. 


silicone mold lubricants, and silicones for water 


repellents. Find out how they can upgrade vour 


products or processes, As a starter, fill out and 


mail the coupon, today! 


Silicones Division, Dept Р05.10 


Сапитюк лхо Carno 


I i is a N 


Canada Limited 





LET 
GOSHEN 
RUBBER 


HOW TO SEAL OPENINGS 


AND JOINTS EFFECTIVELY 


 WER-SEAL 


INSULATION - CUSHIONING - САЅКЕТІМС | 


Inner-Seal's patented construction —spring steel wire molded | 


in neoprene-coated sponge rubber — is an effective sealing 
medium for aircraft e rail e automotive e marine e refrigeration 
e Plant maintenance e and numerous other uses. 

FEATURES: Resists sunlight, humidity, grease, oil, abrasion, 
dampness, dirt, air, water. Prevents rattling and reduces noise. 
Won't warp or wrinkle. Fits snugly around corners and curves. 
CONSTRUCTION: WIRE CLOTH FLANGE: Fiber and tinned 
steel wire — (stainless steel wire on special orders.) 

SPONGE ASSEMBLY: Natural rubber — (buna S, neoprene, 
special compounds available to your specifications.) 
COATING: Standard INNER - SEAL, neoprene latex in colors, 
thicknesses from .004" to .018". Heavy-duty INNER-SEAL 
has black neoprene rubber jacket .025"' thick. 

SIZES: Standard sizes from 5&" to 2” (over-all flange and 
cushion). Special sizes to order. Heavy-Duty “DUMBBELL”. 
COLORS: Black, brown, olive drab, beige. Other colors avail- 
able if volume warrants production run. 


SPECIAL DESIGNS: Offset wire flange special flange 


bends, special die cutting, punching, slotting or 
8,1 E E ОГА о =з) | 


forming, to facilitate attachment. Cut to any desired length. 


W'rite for Free Samples and complete information. 


BRIDGEPORT FABRICS, INC.) 
A 


200 HOLLAND AVE., BRIDGEPORT, CONN., U.S. 


of NATURAL 
SYNTHETIC ac SILICONE RUBBERS 


Products by Goshen Rubber are not stocked, 
but are precision-fabricated to individual 
order. They're "application-engineered" to 
meet strictest specifications as to compound, 
service life and operating satisfaction. In- 
quiries regarding any rubber parts problem 


are invited. 


SEND FOR NEW BROCHURE «= 


This 8-page brochure and handy file folder 
tells how Goshen Rubber can help you. 
Send for your free copy today. 


Cut VO) th yeat 


1916 + 1956 


Varr 


See our “Facilities” catalog in 


Sweet's Product Design File. 


АТ 


CUSTOM DEVELOPMENT AND FABRICATION SINCE 1916 


3310-6 S. TENTH ST. 


C66 


GOSHEN, IND. 


Catalogs and Bulletins continued 
(O-58) LITHIUM INDUSTRIAL GREASES 

Bulletin, 2 pp, details specifications 
of multipurpose lithium soap greases. 
Sinclair Refining Co., 600 Fifth Ave., 
New York, N. Y. 


(O-59) Mica INSULATION—Catalog 
M55, 14 pp, describes fabrication, 
range of sizes and shapes of mica 
paper, segments, tapes, tubing. Con- 
tinental-Diamond Fibre Div., Budd 
Co., Inc., Newark, Del. 


(O-60) SURFACE CHROMIUM ALLOY 
ING—Bulletin, 4 pp, describes surface 
alloying technique for increasing the 
heat, wear and corrosion resistance of 
ferrous metals by diffusing chromium 
into the surface at high temperatures 
Chromalloy Corp., 109 W. 64 St., New 
York 23, N. Y 


(O-61) MECHANICAL RUBBER GOODS 

Handbook MT-56, 80 pp, contains 
specially prepared data on the charac- 
teristics and uses of various types of 
base polymers, as well as their relative 
resistance to specific chemicals. Actual 
rubber and rubber-like swatches are in- 
cluded. Suggestions pertaining to the 
mechanical design of molded and ex- 
truded rubber articles are also incor- 
porated, along with specific details on 
mold design and manufacturing proc- 
esses. Various stock and specialty items 
are listed, such as bumpers, tips, grom- 
mets, bushings, suction cups, extru- 
sions, lathe and die-cut articles and 
miscellaneous molded parts. Lavell 
Rubber Co., 424 N. Wood St., Chicago 
22, Ill 


(O-62) COQLOIDAL DISPERSIONS 
Booklet, 4 рр, lists. 42 
semi-colloidal dispersions for opera- 


colloidal and 


tional functions, maintenance, lubrica- 
tion, machine design and other indus- 
trial applications. Acheson Colloids 
Co., Port Huron, Mich 


(O-63) GLASS-BONDED MicA—Hand 
book and catalog, 23 pp, describes this 
electrical insulating material, its prop- 
erties and available forms. Mycalex 
Corp. of America, Clifton Bldg., Clif- 


ton, N. J 


(0-64) CERAMIC MAGNETS—Catalog 
15, 4 pp, describes a light-weight, non- 
metallic ceramic permanent magnet 
Manufacturing processes involved and 
types of magnets available are included. 
Indiana Steel Products Co., Valparaiso, 


Ind 
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“Long -Life” 


BEARINGS ў KON UN 


BUSHINGS 


NATURE'S SUPERIOR 
PULLEYS SELF-LUBRICATING MECHANICAL MATERIAL 


ROLLERS i 


few of the many Lignum-Vitae is a very hard 
upplications where FACTS and resinous wood and a 
‘LONG-LIFE’ Lig- growth of the Tropics. It is 
ABOUT not to be confused with 


ordinary hardwoods of com- 


LIGNUM- merce, as it is the hardest, 
heaviest and closest grained 

VITAE wood in the world. Lignum 

Vitae weighs approximately 

84 Ibs. per cubic foot, hav 

ing a specific gravity of 1.33 to 1.35”. Lignum 
Vitae has a great density and homogeneity which 
makes it capable of withstanding great pressures as 


can be seen by data on tests which were made 
by the United States Testing Company 


um-Vitae products 
mre solving difficult 
problems 
* 
LIMINATES NOISE 
Pulleys for Venetian 
Blinds. Elevator Gibs 
or Guides 


O AVOID CONTAMINA 
TION IN GLASS MILK 
TANK Bushings in 
propeller-type agita 
tor assembly 


AVOIDS CORROSION 
Lignum-Vitae Balls in 
Pipe Line service in 
Coal Mines. Drain 
Boards for Chemicals 


BENDING TEST 
2 Specimens 30” x 2” x 2”, Two Directions of the 
Grain 
Modulus oT Rupture Deflection 
16,800 psi.—Tangential to End Grain—0.720 inch 


SECURES SMOOTH FIN 20,100 psi.—Normal End Grain 0.910 inch 


ISH . . . Wheels of Lig 
num-Vitoe for Lappin: | COMPRESSIVE TEST Conducted on 1” Cubes 
1. Load Applied Parallel To Grain 
Average—14,850 psi. 
Load Applied Tangential To Grain 
Average—9,930 psi 
Load Applied Normal To Grain 
Average—10,360 psi. 
| 


IMPROVES PRODUCT 
REDUCES POWER 
CONSUMPTION 
Roll Neck Bearings for 
Steel Rolling Mills 


OPERATION UNDER 
MOIST CONDITIONS 
Rollers and Idler Spools 
for Cable Guides in 
Mining Equipment 


SELF-LUBRICATING-NOISELESS 

The high resin content of Lignum-Vitae which runs 
about 3046 of its weight, consists of a natural gum, 
which combined with its pressure resisting quality, 
renders this wood admirably suited for an ever-in- 
creasing number of mechanical purposes where the 
introduction of lubrication is not practical or at all 
times reliable. 

Thus it is ideal for many uses such as Propeller 
Shaft Bearings, Roll Neck Bearings, etc., Food and 
Liquid Handling Machinery and many other types 
of equipment where oil cannot be used to lubricate 
Bearings or Bushings due to the possibility that the 
lubricant might find its way into the product or 
lubrication is not practical. 


OPERATES WHERE LU 
BRICATION IS DIFF! 
CULT Bearings and 
Bushings for Pumps 


AVOIDS PRODUCT 
SPOILAGE BY OIL 
Bushings for Soap 
Wrapping Machines 


ASSURES PROPER OPER 
ATION IN SALT WA 
TER Propeller Shaft 
Bearing Segments for 
Ships 


WORKS UNDER HEAVY 
LOADS Water 
Wheel Step Bearings CO-EFFICIENT OF FRICTION 

The superior bearing qualities of LIGNUM- 
VITAE under given conditions can be seen in 
the co-efficient of friction of Lignum-Vitae. 

^ battery of tests were conducted under constant 
conditions, using equal weights of each material, 
and with each contacting surface equal in area. 

AT YOUR SERVICE | The normal centrifical type testing equipment was 

If you have a specific | used, the sliding disk surface being at all times con- 

problem, our Engineering | Stant, and made of 80 to 100 micropolished steel 

Department will gladly . - 

heip you, without oblige- Test results (shown below) prove the superiority 

tion . . . we are entirely | Of Lignum-Vitae as a bearing and bushing material, 

at your service especially when running wet 


There are a great many 
other uses for Lignum 
Vitae too numerous 
to mention here 
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All "Long-Life" Lignum-Vitae Products are 


SELF-LUBRICATING 


WEN OISELESS-ANTI-FRICTION 


NON-CONTAMINATING 


ACID-RESISTING 


CO-EFFICIENT 
MATERIAI HOW RUN OF FRICTION 
LIGNUM ( DRY) l to 
VITAE (WET) 05—to 
\ (DRY) 4 to 
(WET) 2 to 

B (DRY) 1 
(МЕТ) 3 to 
(OIL) 02—to 


ACID-RESISTING—NON-CONTAMINATING 
In the Chemical fields, it is highly valued because 
of its ability to resist many Acids and Chemicals 
In the Food and Process industries, it is in demand 
because it is non-contaminating. Water acts as a pre 
servative and a greatly added lubricant to Lignum- 
Vitae. Being nonferrous, of course it is rustless and 
its natural gum or resin protects it when it comes 
in contact with corroded surfaces 


LIMITLESS VARIETY OF USES 

Its extreme hardness does not render it unworkable by 
any means, but rather enhances its value to the com 
mercial arts, It has been successfully worked within 
remarkable limits of accuracy by this firm since 
1890, to produce a practically limitless variety of 
parts used to great advantage in mechanical equip 
ment by many of the world’s leading manufacturers 
ranging all the way from tiny Pulleys in Venetian 
Blinds to huge Roll Neck Bearings for Steel Rolling 
Mills. 7 


FINISHED PARTS AND RAW MATERIAL 


We can produce finished items in our automatic 
and semi-automatic high speed turning and shaping 
departments and also from our complete machine 
shop facilities. Send specifications for quotations 
As the world’s largest importers and dealers in 
Lignum-Vitae, we can supply raw Lignum-Vitae 
Rods, Squares and Losgs We'll be glad to send 
sample pieces for testing 


ENGINEERING REPORTS ON 

LIGNUM-VITAE AVAILABLE 
There are literally, thousands of practical 
applications in the mechanical and industrial 
fields, too numerous to describe or even list 
in this small space. We have available a 
number of Engineering Reports and Reprints 
of Technical Articles on the subject, and we 
shall be happy to send copies without obli- 
gation to anyone interested, upon request. 


LIGNUM-VITAE 
PRODUCTS CORPORATION 


The world’s leading Lignum-Vitae specialists since 1890 
88 BOYD AVE. 
JERSEY CITY 4, N. J. 
Call Henderson 3-3027-8 


л 
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{4 
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if you 
design for... 


~ 


AUTOMOTIVE 


GENERAL 
INDUSTRY 


SPECIFY 


STALWART Score RUBBER PARTS 


FOR HIGH TEMPERATURE APPLICATIONS. Industry is solving 
problems and cutting costs with SILICONE RUBBER 
PARTS by STALWART. Because newly developed com- 
pounds now retain desirable rubber-like qualities at tem- 
peratures up to +600° F., they are recommended for 
applications where temperatures destroy ordinary rubbers. 


FOR LOW TEMPERATURE APPLICATIONS. Silicone Rubber 
parts by STALWART are capable of withstanding tem- 
peratures as low as —130° F. without becoming brittle. 
They have excellent dielectric properties and resist com- 
pression set, oxidation, ozone and many chemicals. 

Let STALWART .. . specialists in custom Y 
fabrication of precision SILICONE parts . . 

solve your design problems. 


Write today for catalog No. 56-SR-3. 


А" 
же ^a 


TALWART ico cen 


RUBBER COMPANY 
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= tiny molded 
» PLASTIC 
PARTS 


specializing in 


“NYLON 


€ Completely automatic 


SEND FOR YOUR COPY OF THE ede 
NEW GRIES PLASTICS BULLETINE fr, e Continuous or indi 
i 


vidual insert molding 

e GRC molds ALL ther- 
moplastics 

nylon a specialty 


Find out how Gries' exclusive 2 
techniques make possible product 

designs using tiny components that 

might be production problems by 

ordinary means. How Gries uses ies on quan 
special machines which mear ex- tities of 25,000 to millions 
tremely low tooling costs, high NO MINIMUM SIZE! 
speed production for volume re- 
quirements. Bulletin is packed with Maximum size 
examples, charts, engineers’ check list 03 oz..1'4" long 


Write today for new Bulletin 


and Samples 1 4 


Ir 
Send prints for quotation i lH гч | 
GRIES REPRODUCER CORP. she лина 


World's Foremost Producer of Small Die Castings 
26 Second St., New Rochelle, N.Y. e NEw Rochelle 3-8600 


é 


SIZES 
AVAILABLE 


available from stock for 


IMMEDIATE DELIVERY 


ب ا ت ہن یں یہ = ص ہی دن ی س ب سے 


LUCITE . 
PLEXIGLAS' . 
acrylic rods, ^ 


tubes, shapes": 


—— ч шол we س‎ 
оь ом о р 

¢ € € € o o 
„Ох 

'oc 


twists 


CLEAR CRYSTAL METHYL METHACRYLATE 
rods and tubes for industrial, novelty, display 


models, and all other fields 


ب ب ہنا یں یہ ب س س س یھ 


Write for price lists and samples today 


ACE PLASTIC COMPANY 


Precision Extruders and Fabricators 


91-23 Van Wyck Exp., Jamaica 35, N. Y | 
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USE TIME-SAVING 
COUPONS BELOW 


. . . fo request further information оп 
all products advertised in this Digest Section 


. .. fo request your copies of product catalogs 


and bulletins listed and described in this section 


( you will find similar coupons at the end of each Digest Section ) 


Consult the Product Index begin- If you have specific questions to ask about any 
ning on page 12, when you want product advertised, a letter direct to the manu- 
all available information on a facturer, at the address given in his advertise- 
particular type of product; this ment, will be welcome. For clarity and prompt 
Product Index is your guide to all service, include reference to PRODUCT ENGI- 
advertisements in this Design Di- NEERING's Product Design Digest Issue, and 
gest Issue by manufacturers of page number of the advertisement prompting 
this type of product. your letter. 


Circle these numbers for further information about | Circle these numbers for further information about 
advertisers appearing in this section advertisers appearing in this section 


C28-9 C30-1 C32-3 C34 C35 C36 C28-9 C30-1 C32-3 C34 C35 C36 
c40 c41 C42 C43-4 C45 C46 C40 C41 C42 C43-4 C45 C46 
cso C51 C52 C53 C54 C55 c50 c51 c52 C53 C54 c55 
CTRS8 CBRS8 C59  CL60 CTR60 C61-2 CTR58 CBRS8 C59  CL60 CTR60 C61-2 
CTL66 CBL66 C67 CL68 CTR68 CBR68 CTL66 CBL66 C67 CL68 CTR68 CBR68 


Circle these numbers for your copy of bulletins | Circle these numbers for your copy of bulletins 
listed in this section listed in this section 


01 02 03 04 01 02 03 04 
013 014 011 012 013 014 


020 022 023 020 021 022 023 
029 031 032 029 030 031 032 
040 041 038 039 040 041 
049 050 047 048 049 050 


COMPANY COMPANY 
BUSINESS ADDRESS BUSINESS ADDRESS | 


CITY, STATE CITY, STATE 





NEW BOOKS 
Fabrication & Production Processes 


Plastic Tooling by Malcolm W. 
Riley. 5 x 7 in., 123 pp. Published 
by Reinhold Publishing Corp., 43( 
Park Ave., New York 22, N. Y. 
$2.50. 


It is pointed out that use of plastics 


can often result in lower cost tools, 


faster tool delivery, lighter-weight 


tools, easy duplication of tools, easy 
repair of tools that 


atmospheres 


tools, and resist 


Corrosion Applications 
appear most interesting for short-run 
parts production. Limitations lie pri- 
marily in inability of plastics to with 
stand high temperatures, relatively 
poor dimensional stability compared 
to metal tools, and possible health 
problems in making the tools 
Chapters 4 through 10 
much useful information and are well 


written 


contain 


Both advantages and disad- 
vantages of using the various plastics 
for tooling applications are frankly 


and clearly stated 


Principles of Metal Casting Ру 
Richard W. Heine, Assoc. Prof. of 
Mining and Metallurgy, University 
of Wisconsin, Philip C. Rosenthal, 
Professor of Mining and Metal- 
lurgy, University of Wisconsin. 
612 x 914 in., 639 pp. Published by 
the McGraw-Hill Book Co., Inc., 
330 W. 42 St., New York 36, N. Y. 
$7.50. 


This book covers molding processes 
including the sand casting methods, 
shell molding, die and permanent mold 
casting, investment, mold materials 
and construction, molding equipment, 
solidification of gating 
molding 


technology, cleaning of castings, cast- 


metals, and 


feeding of castings, sand 
ings design, metallurgical principles 
associated with melting, composition 
of casting alloys and their properties, 
heat treatment, and metallurgical proc- 
essing characteristics of foundry prac- 
tices. No processes other than metal 
casting are considered. Sample ques 
tions and calculations, tables, graphs, 
line diagrams, photographs are used 
to illustrate the principles 

Principles associated with molding 
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processes and materials, solidification 
of metals and castings are presented in 
the first eleven chapters; the principles 
are then interpreted for the specific 
chapters ) ; 
the special metallurgical principles of 
melting, alloying, heat treating, and 


casting alloys (fourteen 


metallurgical processing are confined 
to portions of the latter chapters 


Machining Aluminum. Kaiser Alu- 
minum & Chemical Sales, Inc. 5 
x 814 in., 308 pp. Published by 
Technical Publications Dept., 
Kaiser Aluminum & Chemical 
Sales, Inc., 228 N. LaSalle St., Chi- 
cago 1, Ill. $2. 


Another excellent reference book in 
Kaiser's series on aluminum fabrication 
with much practical information on 
machining the various alloys of this 
material illustrated 
clear sketches and photos and includ- 


Profusely with 
ing many quick-reference tables, charts 
and nomographs that are useful to the 
designer as well as the machinist 

Information is divided into sections 
depending upon the operations per 
formed: general machinability, mill- 
ing, turning, drilling, reaming, tapping, 
boring, shaping, planing, broaching, 
grinding, filing, sawing, nibbling, and 
cutting fluids. 

The book provides a guide in select- 
ing a specific alloy for a given design 
and also aids in choosing the most 
suitable methods of machining for the 
metal-working equipment available 
A glossary of terms common to ma- 


chining is also included 


Dimensions and Tolerances for 
Mass Production by Earle Bucking- 
ham, 81% x 11 in., 164 pp. Pub- 
lished by Industrial Press, 93 Worth 
St., New York 13, N. Y. $8. 


Improved methods and practices are 
proposed to meet the problem of di- 
mensioning with tolerances, and the 
relation to production design, tool 
design, gage design, production and 
inspection are discussed. In analyzing 


the uncertainties in present-day prac- 


tice, the actual method of expressing 
dimensional information is of second- 
ary importance. What is important is 
the recognition that several kinds of 
dimensions are needed on component 
drawings, and that several types of 
conditions must be definitely 
trolled by tolerances. In brief, the 
thesis is that all limiting conditions 


con- 


must be controlled by definite inspec- 
tion procedures and it must be pos- 
sible to translate every limiting dimen- 
sion into a definite design and size of 
an inspection gage 

It is shown how limiting dimen- 
sions on detail drawings control con- 
ditions of bulk or size, conditions of 
form, conditions of and 
conditions of assembly, operation or 


position, 


functioning. 


Die Design Handbook by Frank M. 
Wilson, Editor-in-Chief. 9 x 6 in., 
2150 pp. Published by McGraw- 
Hill Book Co., Inc., 330 W. 42 St., 
New York 36, N. Y. $14.50. 


Material for this handbook has been 
drawn from technical resources of the 
American Society of Tool Engineers 
and many companies that make and 
use dies, and represents the best in die 
design practice. 

The handbook 
that die design cannot stand alone in 
a really useful handbook, and have 
therefore related die design in an 
orderly way to the design of the part 
to be produced, to the properties of 


committee realized 


die and stampings materials, to the 
optimum processing available, to the 
components that can better be pur- 
chased, and to the available pressroom 
facilities. 

There information on 
stampings design, die sets and compo- 
nents, press feeding and unloading 
equipment, and die and stamping ma- 
terials. 

Information is included on proper- 
ties and pressworking of new and diffi- 
materials, including 
zirconium, and tantalum, on cold ex- 
trusion of steel, and on dies, presses, 
and operations for the hydraulic-action 
and rubber-action forming methods. 


is valuable 


cult titanium, 
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Oo Yield 


Stress, 1000 psi 


— 


75 500 


Temperature, F 


Fig. 1—Comparison of weld joint 


transverse 


From: The Welding Journal 


4 


eldability of 


Titanium 


Alloy 


ae н. 


L. 


MEREDITH 


С. W. HANDOVA 


ultimate North 


strengths and the yield strengths of two titanium alloys 


RECOGNIZING THE POTENTIAL USI 


FULNESS of high-strength titanium al 
North 


embarked on a 


Aviation has 


1 


lovs. American 


research arx de ve lk р 


ment pre pram [KC devel р weldable 


high-strength titanium alloys. As these 
alloys are progressively developed they 


wel lability 


are surveyed for 


Th« 


and 
ultimate weld-joint 


s) 000 


formability 


set at ps! at 


l 1 


considered 


Before a | n be 


weldable t ist. withstand certain 


tests which simulate service conditions 
The term weldability as used herein is 


degree of ability with 


| 
тега! сап be 


defined as: the 


which a joined by the 


inert-gas-shielded nonconsumable tung 


sten electrode process without undue 


letriment to the metal’s metallurgical 


and mechanical properties when fabri 


cated into lightweight airframe struc 


tures for use at high temperatures 


The prerequisites used to establish 


the minimum acceptable weldability 
a titanium alloy 
TEST. In 


the failures occur in the parent metal 


standards for 
1. TENSILI 


are 


tensile tests 


away trom the weld or the ambient ul 


strength 15 аг 90 


timate tensile least 


per cent of the base metal strength 
^ BEND MIT. 


deg face bend of a flush butt weld has 


ГЕЛ minimum 180 


50 per cent (in less than 0.062 in 


bendability efficiency as 


sheet com 
pared with base metal minimum bend 
radius 

3. RESIDUAL WELD TEST 


The weld does not crack during normal 


STRESS 


welding operations and also does not 


Crack 


D? 


(without additional restraint 


other than residual stresses set up by 


normal welding) within a 90 day 
period 

i. MECHANICAI 
[ESI The 


residual circular patch weld restraint 


RESIDUAL STRESS 


weld does not crack in 
tests within 90 days 

STRAIN AGING TEST 
| 


does not crack in stressed circular patch 


The weld 


weld restraint tests within 21 days after 
loading up to the proportional limit 
In preliminary tests and studies, the 
number of alloys suitable for welding 
were narrowed down to those which 


showed most promise. These were 
given a comprehensive evaluation 

Two proprietary high-strength ti- 
tanium alloys were developed for the 
purpose of finding a weldable material 
with properties equal to that of the 
8 per cent manganese titanium alloy; 
the mechanical properties of which at 
'00 F were considered to be good but 
the weldability of which was unsatis 
factory 

One proprietary alloy, experimen 
tally designated RC-A110-AT, investi- 
gated is an all-alpha titanium alloy; 5 
per cent aluminum, 215 per cent tin 
When alpha prime is produced in this 
alloy, it is not amenable to local heat 
treating methods. The temperature of 
recrystallization of this alloy is near 
1600 F. Short heating times, 20 to 69 
sec, below the alpha-beta field will not 
suthciently decompose the alpha prime 
or fine alpha needles and increase 
over-all ductility 

For titanium-aluminum alloys con 
taining 6 per cent aluminum, tempera 
excess of 1700 I needed 


tures in art 


American 


Aviation, Inc 


for entry into the alpha-beta field. Such 
temperatures could become dangerous 
from the surface oxidation and surface 
contamination standpoint 

The second alloy, experimentally 
designated RS-110-BX, investigated is 
an alpha-beta titanium alloy; 3.5 per 
cent manganese, 1.5 per cent alumi 
num. The hot-rolled and stabilized an 
nealed structure of this alloy is com 
posed of small beta islands in an 
alpha matrix 

The manganese, having low alpha 
solubility in titanium and the equilib- 
rium diagram of which is of the eutec- 
toid type, results in this alloy having a 
broad alpha-beta field. The RS-110-BX, 
therefore, is of a heat-treatable nature 
and sensitive to temperature, time at 
temperature, cooling rates and aging 
phenomena. The temperature of “me- 
chanical stabilization” of this alloy is 
about 1200 F 


Tests and Specimen Preparation 


Preliminary studies made on RS 
110-BX and RC-A110-AT sheet re 
vealed that both are quite weldable by 
either the automatic or manual inert 
gas-shielded nonconsumable electrode 
processes. The weldability of these two 
by 
weld bend tests, tensile tests and cir 


alloys, therefore, was determined 
cular patch weld restraint tests. In 
Table I and Fig. | is given a summary 
of results of individual tests for bend 
ability and for mechanical properties 
of welds in these alloys 

Specimens were prepared in accord 
with the layout shown in Fig. 2. The 
alpha-beta RS-110-BX alloy specimens 
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Table I—Summary of Mechanical Properties of Welds showed that the addition of filler metal 


in RC-A110-AT and RS-110 BX Titanium Alloy Sheet was not necessary because fused welds 
(no filler metal added) were just as 


Minimum Bend Radius strong as welds with filler metal added 


Ultimate / Ч , 1e > 
Test | Grain tinis Yield Elong After power shearing the panel 


temp., direc strength strength, n 2 in Base As halves to rough size. the joint edge © 
Е tion psi psi percent metal welded , p 


were belt sanded to remove edge frac 
RS-110-BX Room | T 116,900 | 112,110 5 : 8.5 tures and burrs. Immediately prior to 
RS-110-BX Room = 118,100 | 111,700 i : iding. the ساب‎ 1 
RS-110-BX Room T 109. 700 103.500 , | i welding, the joimt edges were draw 

filed with hard mill files. If the joint 
RS-110-BX 700 T 73,900 69,000 
RS-110-BX 700 Г 72,600 62,400 I | 
RS-110-BX 700 1 000 54.000 they were then recleaned with acetone 


solvent 


edges were handled after draw filing 


RC-A110-AT! | Room T 129,400 50 i [7 ЫБ i " ce te 
RC.A110-AT! | Room 31 800 200 а | When welding tests were t 
RC-A110-AT! | 700 н 5.700 500 on vacuum annealed (hydrogen out 


gassed) material, the test panels wer: 
5 À idine : vacuum 
ا‎ Vg ROS m prepared for welding before vacuum 
نو | و و قو‎ M innealing. In vacuum annealing, the 
As-welded; material in vacuum annealed condition panels were heated to 1300 F in a 
sealed stainless steel retort and held at 


heat for approximately 4 hours at 


were prepared from ООЛО и n pecimens were prepare | т 0.057 pressure of >) microns and then f 


0.050 in. thick sheet, having ingot n. thick sheet, having an ingot analysis cooled 


analysis of 4.22 Mn, 1.11 Al, 0.073 ¢ of 4.30 Al, 2.60 Sn, 0.13 C, and 0.04 N Weld bend and weld tensile test 


0.021 N, and 0.031 Ho. The sheets re The sheets were received from the mill panels were semiautomatically machine 


ceived from the mill were in a hot п а hot-rolled and stabilized anneal nert-arc welded in a 40 in. longitudi 


rolled and stabilized anneal condition ondition with a orted ultimate ten nal cantilevered hold-down stake. A 


1 


(1250 Е, аіг cooled) with a reported sile strength 1,5 psi, yield lirect current straight polarity rectify 


ultimate tensile strength of 120,200 strength of 136,500 psi ing a-c welding transformer with su 


psi, yield strength of 117,700 psi (0.2 offset), and elongation o perimposed high frequency was used 


per cent offset), and elongation of 17 n 2 inches Argon gas was used at the tungsten ar¢ 


per cent in 2 inches | welds were made in square butt ind helium at the weld root. High flow 


The all-alpha R¢ 11‹ all groove joints. Exploratory | test: rates caused the weld root to be cor 





test coupons 


restraint weid tests 


pecimens d we 


80° bend test coupons 








Mechanical weld tensile test coupon 


2—Layout of locations of specimens used in tests to determine weldability characteristics 
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cave subsequently causing an unde гсш 
condition at the weld root edges 

A cross section of the tooling used 
in making the square butt weld joints 
is shown in Fig. 3. In this arrangement, 
Nr contaminants are readily excluded 
heat-affected The 
proper selection of backing bar groove 


from the areas 


width, hold-down toe space, and type 


of shielding cup provides adequate 


inert gas protection at the weld surface 
areas. Hold-down toes were hard cop 
per to achieve chilling and also because 
it would not fuse or readily react with 
molten titanium 

Circular patch weld restraint speci 


mens were manually inert-gas tung 


sten-arc welded in a copper plate fix 


ture, using a standard water cooled 


inert-arc welding electrode holder and 


standard large siz« 


Argon 


tained 


shielding cup 
gas was employ« 1 at the sus 


tungsten arc and helium 


A d« 


with superimposed high frequency was 


"as at 


the weld root rectifying welder 


used The welding polarity was 


straight (electrode negative) 


To determine whether the weld set 


tings were producing the most ductile 


weld, a minimum 180 deg bend radius 


test was used as a qualitative test. A 
bendability 


efhciency rating of the 


weld's minimum bend radius was 


evaluated as follows 
Percentage of weld bendability 
Base metal minimum bend radius 
Weld metal minimum bend radius 


LOO 


Longitudinal and transverse grain 


minimum bend radius of each alloy 


and welded specimen was determined 
in a 180 deg Di 
Welded 


about the 


\cro guided bend test 


fixture specimens were bent 


center pin with the weld 


parallel with the axis of the pin. The 
) 


SIC 


face of the weld (arc ) was placed 
on the tension side and the root of th« 
weld (drop-through side) was on th« 


compression side next to the pin 


The 


be nd 


TRANSFORMATION 
RS-110 BX 


welded in the 


TORCH 
alpha beta alloy 


specimens were as-rc 
ceived and vacuum annealed condition 
The as-received material was in a sta 
bilized heat-treated condition having a 


structure of very fine elongated beta 
grains in an alpha matrix. The vacuum 
annealed material was in a stabilized 
annealed condition having a structure 
of coarsened equiaxed beta grains in 
in alpha matrix 


Physical tests had s that when 


D4 


Width 


Hold down spacing 


Groove 


0032-0.040| 0040-0064|0.064-0.072 


L^ 3/8 "^e 





Depth 


Hold 


Down Spacing 5/6 





he 


Fig. 3—Dimensions of backing bar groove and hold-down spacing for automatic 
inert arc welding of titanium. Hold-down toes are hard copper for chilling. 


the as-received material was reheated 
1500 Е 


quenched that some of the beta phase 


above and then rapidly 
existed in the final heat-affected struc- 
ture as an unstable phase. This phase 
causes the tensile and yield strengths 
to increase and is accompanied with a 
severe loss in ductility 

When welding RS-110-BX sheet in 
the hold-down stake, the copper hold 
down toes and backing bar caused the 
weld to be quenched from about 3100 
F to less than 700 F within 3 to 5 sec 
The minimum bend radius of 8 ¢ ob- 
tained from bend tests on such welds 
reflected the loss of ductility caused by 
the unstable beta phase 
this unstable 


To eliminate phase, 


Table II 


Material: 


several bend specimens were torch 


heated with a neutral oxy-acetylene 


flame such that the weld and heat- 


zone reached a 
1250 and 
The flame then 
withdrawn and the specimens allowed 


affected temperature 
1500 F ina 


was 


between few 


seconds slowly 
to air cool. This type of heat-treatment 
is termed transformation because the 
heat-affected material undergoes a 
change that improves the ductility of 
the weld and heat-affected zone. 
With welds in vacuum annealed RS- 
110-BX, a bendability of 75 per cent 
was obtained. A bendability of 100 per 
cent, however, can be obtained by local 
torch transformation of the weld 


The bendability efficiency of welds 


Transverse Weld Joint Strength in Three Conditions. 
RS-110-BX sheet, 0.040 in. thick 


in a reheated 1 hr at 1230 F and air-cooled condition. 


Test temperature: 


Specimen 


No 


6XH 1 As-welded 
6XH As-welded 
6XH 3 As-welded 
6XH ‹ As-welded 
3XH Welded and postheated 

in air (1400-1500 F) 
Welded and postheated 

in air (1100-1200 F) 
Welded and postheated in 


3XH 


3XH 


hold-down stake (1400—1500 Е) 


lin beari ng on first test. 


Room 


Ultimate 
tensile Yield Elong 
strength, strength, in 2 in 
psi psi per cent 


Failure 
trom 
weld, in 


130,300 
130,400 
130,300 
130,800 


120,700 14 
120,000 20 
119,100 16 
119,400 18 


135,000 
136 


000 


129,000 center 


Retested; elongation is in 1 !$ inches 
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Fig. 4— 
(В) 


in as-received RC-A110-AT was 
per cent 
TENSILE TEST 


welds, 


уеге 
butt 


Joints, at room temperature and 700 F 


Tensile tests 


run on made in square 


Test specimens were standard 8 in 


long strips, 24 in. wide at the gripping 
shanks with a necked down 0.500 in 
gage width and a 21^ in. gage length 

The RS-110-BX 


tested in two different base metal con 
rolle d 


alloy was tensile 


ditions: As-received (hot and 


stabilized annealed); and 
nealed. This alloy was also tested in 


vacuum an 


the as-welded condition and in the 


welded and locally torch transformed 
condition 


The RC 


only in the as-welded condition 


A110-AT welds were tested 


All tensile test specimens failed out 
side of the weld and heat affected zone 

To further investigate the effect of 
torch transformation heating on thc 
grain structure of welds in RS-110-BX, 
follow up tests were made 

In these tests, the material used was 
in a slightly different stabilized condi 
(heated for 1 hr at 1230 F and 
air cooled). Tensile tests and guided 


поп 


bend tests were made with specimens 
in the following conditions: as-welded; 
torch transformed in a 


welded and 


welding hold-down stake; and, welded 
and torch transformed in air. Table Il 
gives the tensile test results 

Guided bend test results 
showed that as-welded specimens could 
be satisfactorily bent 180 deg around a 
pin of 8 ¢ radius with the weld face in 
tension. When the 
torch transformed in air, the minimum 
lowered to 4 7. A 
10 7, 


spec imens 


again 


spec imens were 


bend radius was 


minimum bend radius of how- 
obtained for 
which were postheated in the jig 


These test results show that torch 


ever, Was 


transformation does two things: (1 
increases the stress range between the 
yield, and 


ultimate and subsequently 


allows the weld to adjust itself more 
readily to applied strain; and (2) i 
allows the weld to 


respond more 


readily to bending stresses 


Circular Patch Weld 
Restraint Tests 


effect of 


trated weld shrinkage and strain aging 


Го determine the concen 
stresses, the circular patch weld re 
straint type of test was selected 
specimens for this test consisted of 
welding 2 and 4 in. dia disks in the 
апа 8 їп, 
The 


was a square butt groove 


center of 6 respectively 


square sheet panels weld joint 

For examination of shrinkage effect, 
circular patch weld restraint specimens 
were prepared by four different meth 
ods: Fuse welding the joints together; 
fuse welding with subsequent torch 
postheating; welding by adding com 


Ti-75A filler 
made in one 


mercially pure metal, 


with welds pass; and 
welding by adding base metal filler, 
with welds made in one pass. 
Immediately after welding the welds 
were inspected for cracking with dye 
penetrants, then X-rayed for porosity 
The specimens were then hung on a 
rack and at every 10 to 15 days were 
again inspected with dye penetrants 
For determining strain aging effects, 
the patch specimens were placed in a 


loaded 


incrementally every 10 or 15 days until 


compressive test fixture and 


the specimen became permanently 
bent 


The RS-110-BX 


was tested in the as received condition 


alpha-beta alloy 


and in the vacuum annealed (hydrogen 


outgassed) condition. The all-alpha 
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-Circular patch welds in as-received RS-110-BX.—(A) Fused weld.— 


Unalloyed filler wire added—(C) Base metal filler strip metal added 


illoy was tested 
condition 

Circular patch welds in as-1 
RS-110-BX material 
susceptible to transverse weld cracking 
Only the 


Specimens 


were found to be 


g several months 
circular patch 


ed cracks The fused and torcl 


postheated fused welds did not develop 


cracks during a period of five months 


These same specimens, however, failed 


immediately 


after being compressively loaded in 


The 


adding 


as shown in Fig. Á( A), 


the static test fixture specimens 


filler 


vhich were welded by 
metal developed transverse weld cracks 
I(B), in 4! 


Welds in vacuum anneale 


as shown in Fig | months 
material 
showed no signs of failure 
Although 

ultimate 


RS-110-BX ma 


reliable for 


however 


160 days vacuum 


iter 


annealing reduces tensile 


strength, it makes the 


terial more service 

Circular patch welds in as-receive | 
RC-AI110-AT 
With one 


occurred In 


material held up well 


exception, no failures have 


these 


specimens 

The one exception was a 2-in. patch 
specimen that had been welded by fus 
ing the joint edges and then locally 
postheated. After being hung for 4! 
months without restraint and no fail 
ures observed, this specimen was put 
into the compression fixture and com 
pressed up to the critical buckling load 
After 


»ression, a crack appeared in the weld 
I рі 


point months under com- 


edge. The cause of failure was not 


established in this series of tests. 


REFERENCE 
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Recommended Welding Processes 


JOHN J. CHYLE 


Director of Welding Research, A. O. Smith Corporation 


R recommended atistactory \ ot recommended NA not applicable 


Light Section: 0.005 to ( Heavy $i id over 
о 9 i : Jt 2 
t E + ы b ч 
/ / < = سا‎ — 2, 


эсспог 1 


ә 


BASED ON WELDED MATERIALS 
Low carbon mild steel t 
SAE 1010 
SAE 1020 
Medium carbo: 
SAE 1030 
SAE 1050 


Wrought allov engir 
SAE 4130 
SAE 4340 


High alloy stainless steels, au 
AISI 301-309-316 


Stainless stecls, fc 


AISI 405-430 
High temperature alloy 
19-9DI 
16-25-6 
Cast iron, Gray iror 
nd aluminum alloys 
ickel alloys 
Copper and copper alloys 
Magnesium and n 
Silver 
Gold, Platinum, Iridium 
Titanium and titanium alloys NA NA N \ NR 


Uranium, Molybdenum, 
Vanadium, Zirconium, Tungstet NA NA NR R NR 


П 


BASED ON JOINT DESIGN 


Light sectior S R R NR 


Heavy sectior R 5 R 


Light sectio R S \ NR } Ї МА 
Heavy sectior R S R i ^ NA 


Light sectior : NR N №, МА 
Heavy sect t { R N N 3 NA 


NA 
NA 


NR 
(Based on S.A.E. paper 
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[HE DESIRABLE CHEMICAL, physical sification limits the wel 
and mechanical properties offered by [able Il is a summary 


r 1 nad 


the various types of stainless steel pr: electrode and rod ch 


iracter 


duced commercially have been respon 


* 

sible for constantly increasing thet Weld 

: Velding of Austeniti 
11 ) applications as materials for process elding of Austenitic 
| 1! Stainless Steels 
and structural equipment. The stecls 
may be broken into three groups When the common austenitic stait 
| 


austenitic, martensitic and ferritic less steels are exposed, during fabri 


Certain alloying elements may be tion or service, in the temper 


О! added to the basic steel formations to range between 900 and 1.500 Е 


provide a stainless steel with particular carbon tends to diffuse to the 
mechanical or physical properties and boundaries and combine with 


to increase the service life of the steel mium to form chromium-carbide p 


e. " 
tall ] ( SS in a particular environment. Within ticles. The precipitation of these parti 


the three broad classifications, the ad les at the grain boundaries reduces 
dition of different alloying elements is the resistance of the stainless steel 


responsible for their subdivision into certain liquid, usually aque 


Steels many separate grades. Summarized in sive solutions. Since the corrosive at 
Table I are the major functions pro tack occurs preferentially at the grair 
vided by the various alloying groups boundaries, it is generally known as 
The broad classifications of steels intergranular corrosion. When the cor 
and their subdivisions permit different — rosive attack occurs adjacent to a weld 
methods of welding to be used. In it is referred to as weld decay 
some instances, variations within a clas- Intergranular corrosion may 
HELMUT THIELSCH 
Metallurgical Engineer 
Grinnell Company 


Effects of alloying elements. Welding characteristics 


— rm of the commercial austenitic, martensitic 


and ferritic stainless steels 


Table I—Effects of Alloying and Residual Elements in Stainless Steels 


Purpose of addition 


Metallurgical effects | 


To To improve To improve scal 

Fer Austen аг prevent corrosion ing resistance at 
rite ite de inter resistance elevated tempe 

Alloying forma granular in certain atures in certain 
element 10 tion 1OT corrosion media atmospheres 


Aluminum 
Bismuth 
Boron 
Carbon 
Chromium 
Cobalt 
Columbium 
Copper ل‎ 
Manganese 
Molybdenum 
Nickel 
Nitrogen 
Phosphorus 
Selenium 
Silicon 
Sulfur 
Tantalum 
Titanium 
Tungsten 


Effectiveness: S =strong, M =medium and W =weak 

Added with titanium to produce age-hardening and elevated temperature strength 
In part due to carbide formation which neutralizes effects of “free” carbon 
Claimed to delay sigma formation slightly 

Improves resistance to carburization 
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vented by the addition of stabilizing 


elements columbium 


18) or 


columbium or 
tantalum (Types 347, 348, 
titanium (Type 321). Intergranular 
corrosion may also be prevented by a 
suitable annealing heat treatment be 
1,850 and 2,050 F im 
mediately followed by quenching in 
water or 


tween about 
a water spray. If the carbon 


content is limited to 


0.04 per cent 
max., as in Types 304L and 316L, the 
susceptibility to intergranular corro 
sion is diminished to such an extent 
that all normal welding operations may 
be carried out without defects 

Weld deposit is less susceptible ti 
intergranular corrosion than wrought 
metal of similar composition. This is 
primarily caused by the dendritic struc- 
ture and may be further aided by the 
presence of ferrite. Intergranular-car- 
bide precipitation resulting from weld- 
ing or heating operations generally 
will not impair the mechanical proper- 
ties of the steel 

Since welding exposes the steel for 
only a relatively brief period in the sen 
sitizing-temperature range, the amount 
of precipitation after welding is less 
severe than 


it would be after an ex 


tended 


service Unless thc 


exposure 
steel is subsequently exposed to active 
corrosive solutions, the presence of a 
slight amount of precipitated carbides 
may not affect the life of the part 
Thus, in mildly 


corrosive environ- 


ments, Types 301 and 302 generally 
will give satisfactory service. In many 
other mildly corrosive applications the 
0.08 per cent maximum carbon types 
404, 308, 309S, 310S, 316 and 317 
grades may be completely satisfactory 


in the ] these 


as-welded condition. In 
grades intergranular-carbide precipita 
tion in the heat-affected zone generally 
becomes appreciable only when the 
cooling time through the 1,500 to 900 
F range exceeds approximately to 
11% minutes 

When these nonstabilized grades are 
being welded and when the service 
environment requires the absence of 
intergranular chromium carbide pre 
cipitation, special precautions should 
be taken to allow the weldment to cool 
as rapidly as possible. This is generally 
accomplished by 


diameter electrodes; (2) low welding 


(1) use of small 
current; (3) deposition of the filler 
metal with a string bead technique; 
(4) 
and/or (5) after welding, air blast 


use of chill bars in the fixtures 


water quench or spray 
When it is not possible to provide 


the necessary rapid cooling rates, or 
when the corrosive application is ex 
extra-low-carbon 


tremely severe, the 


or stabilized steels have used 


to be 
Equipment which is operated continu 
ously or intermittently at temperatures 
above 800 F and then exposed to cor 
rosive environments is generally made 
of the stabilized stainless grades, Types 


321 or 347 steel 


Welding of Martensitic 
Stainless Steels 


In the steels 


martensitic stainless 
susceptibility to hardening is increased 
as the chromium content is decreased 


and the carbon content is increased 
The tendency of the martensitic weld 
metal and the heat-affected zone to be 
hard and brittle is often minimized by 
suitable pre and post heat-treatments 
The best procedure may vary with the 
particular degree of hardening of each 


grade of steel 


FULLY MARTENSITIC Grades 


GRADES 
with more than 0.8 per cent carbon 
are considered to be fully martensitic 
Without preheat-treatments these steels 
generally are susceptible to cracking 
in the martensitic weld deposit and in 
the heat-affected zone, particularly 
when heavy sections are being welded 
Light 


grades 


sections of the lower carbon 
For ех- 


ample, Type 410 in light sections up 
f I i f 


may be an exception 


со 1% in. usually exhibit good welding 
characteristics so that preheating gives 


little and 


improvement 
omitted if desired 


Cracking 


may be 
may be minimized or 
avoided by preheating these steels prior 
to welding to temperatures between 
300 and 700 F, depending upon the 
hardening characteristics of the base 
metal and weld metal and the intended 
service requirements. The preheat tem- 
peratures should be maintained during 
the welding operation 

A postheat-treatment between 1,300 
and 1,450 F should follow directly for 
| hr per in. of thickness. Where pre 
heat and interpass temperatures above 
500 F have been used, it may be ad 
visable to allow the weld to cool to 
between 350 and 400 F to obtain trans- 
retained 


formation of most of the 


The 


tions are air cooled. Under these condi- 


austenite р‹ ystheat-treated sec- 


tions very ductile weldments may be 
obtained in martensitic steels 
GRADES. In 


PARTIALLY MARTENSITK 
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the absence of other alloying elements 
a 13 per cent chromium steel contain 
ing less than 0.8 per cent carbon is 
considered to be only partially marten 
sitic. The presence of some ferrite in 
the otherwise martensitic structure dc 
creases the hardness developed in the 
steel. This reduces the cracking sus- 
ceptibility. Nevertheless, cooling rates 
and interpass temperatures should be 
controlled. 

Preheat-treatment between 300 and 
700 F advisable and 
should be followed by postheat-treat 
ment at 1,500 to 1,450 F. Only 


welding thin sheet below about 


is generally 


when 
As In 
may these preheat and postheat-treat 
ments be omitted 


Welding of Ferritic 
Stainless Steels 


Since the ferritic stainless steels are 
not subject to air hardening, they are 
less susceptible to cracking іп the 
welded section than the martensitic 
steels. However, those steels may be 
come embrittled 

The chromium steels which become 
fully ferritic at temperatures above 
2,100 F are generally susceptible to an 
embrittlement which is associated with 
solution of the carbides. The embrittle- 
ment is accompanied by severe grain 
growth. The embrittlement can be re- 
moved by annealing the steel for 1 hr 
at about 1,300 to 1,450 F followed by 
quenching or air cooling, even though 
the grain size remains coarse 

Such a postheat-treatment is particu- 
larly important in single-pass welding, 
where, without this postheat-treatment, 
the ferritic weld metal as well as part 
of the heat-affected zone would be ex 
tremely brittle. Cracking would occur 
on subsequent deformation or bending 
at room temperature 

When postheat-treatment is not pos 
sible, multipass welding with small 
diameter electrodes, low current and 
stringer beads should be used to mini- 
mize this embrittlement. In these de 
posits the subsequent weld beads will 
produce annealing effects in the earlier 
beads and reduce the embrittlement in 


the weld and heat-affected zone 


REFERENCI 


Stainless Steels 
Helmut Thielsch, Metallurgical 
Grinnell Co., Providence, R. I. Published 
Welding Journal, Welding Research 
Supplement, January 1955, Pg 22-s 
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Engineer, 
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-э0-$ 
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Designing Parts to 


Advantages and economies can be derived if components are designed to reduce 


non-cutting motions of machine members or tools. Simple modifications of the 


Fig. 1—Milling flats and keyways on shafts. In (A) small diameter end- 
mill generates a square step requiring axial and transverse movement of 
the worktable. Cuts must be light. A large diameter circular cutter as in 
(B) has a curved runout—equal to radius of cutter—but requires only 
axial worktable travel. Cutter is slightly wider than required flat. Heavy 
cuts can be taken and flat milled in a single pass. Machine cutting time 
savings can range from 10 to 30 per cent. 


- 

(A) Original 
Fig. 2—Bellcrank lever bossed to simplify holding. Casting has bossed 
surfaces a, b, c, and e that must be accurately faced. Workpiece must be 
located from 4 to machine other faces. Since a, b, c, are not in line, 5, 
and c must be braced during cutting. As redesigned in (B), these prob- 
lems are minimized. Cast-on lugs, b and j, equalize boss height. Lugs 
ensure a rigid three point support on machine table or against a chuck 
face and are removed when holes f and g are drilled. 


‘ 
г 
_ he! 
(B) Redesign 
Fig. 2 

Fig. 3—Split rings replace machined 
shoulder to reduce material and ma- 
chining costs. Because diameter of » 
stock in (A) must be greater than x, 
machining of shoulders results in ma- 
terial waste of about 45 per cent. 8 0 
Shoulders locate a roller bearing set, 
a gear with a locknut, a thrust bear- r= 
ing, and a ball bearing with an end с | 3 à 
nut. Design in (B) has a material loss Е 
of less than 15 per cent of original с 


bar. Eliminating threads and locknuts 
mean additional savings. (A) Original (8) Redesign 


Housing 


Split rings Split rings 


(A) Original (B) Redesign 
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shape of a part can often increase production and reduce scrap loss. Seven design 


modifications that suggest various methods of saving machining time and material. 


Cast slot 
| fo locate 
жїл | parting tool 
E Y | fr 
! H 
р | Fig. 5 
(A) Original (B) Redesign (A) (8) 


Fig. 4—Redesign of sprocket and gear blanks for faster machin- Fig. 5—Single casting for two components. Two 
ing. Teeth are reproduced either by a circular hobbing tool or a castings of identical shapes but different size are 
rack-shaped cutter which travels parallel to the axis of the shaft. shown in (A) and (B). Originally, two patterns 
In (A) only three blanks can be mounted within distance x and molds were needed as well as separate setup 
which is the effective machine travel, leaving wide gap y. In (B) and machining operations. By combining the units 
is a design modification that permits mounting four components as shown in (C), all surfaces are machinable at 
within the same distance. Thus y is reduced and a 25 per cent two lathe settings and only a single pattern is re- 
saving on cutting time can be realized. quired. A final machining separates the castings. 


Fig. 6—Box casting has two lug extensions used for attaching hinge. Top 
surfaces are milled. In (A) lugs increase the table travel by about 15 per 
cent. A modification, (B), decreases machine time without increasing setup 
time. Two slots are cast into the wall of the casting to engage lugs. 


Fig. 7—Material saving on punching operation. Usually, sheet metal links 
are designed as shown in (A). Stock is about 25 per cent wider than link 
to ensure safe and accurate cutting. Altering the design as in (B) reduces 
waste. Cropping-tool is simpler, less costly and easier to operate than punch; 
also, length of cut is 2% times less than that of the blanking punch. Thus, 
less pressure is required, tool is more durable and closer accuracy is possible. 





(B) Redesign B) Redesign 
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Lorge corner radii 


Lorge fillet 
rodii? / 


7009 droft 


4 Меску flonges 


Equivalent machined configurotion—- 


Parting line (unheoled porosity and reloted problem 


Rough finish 


О дед draft 
\ 


I 
I 
| 
| 
| 


-J 


\ 


hd 


TIU UY 
TAa TAAA 


Corner rodii as required 


(Fillet radii os required 


[Smooth finish 


s TM 
ФА чү 


No porting line-——- 


Fig. 1—Difference between ( A) forgings and (B) pressings. Dotted section of forging is the required finished machined section 
Material waste, expensive machining and finishing add to the finished part cost. Pressings may require some finish machining 


From: Aero Digest 


Zero Draft 


Angle Forging Technique 


Pressed forgings or pressings permits zero draft angle, thin webs 


and flanges and improved accuracy and finishes. Forged parts are made 


from the machining drawing. Break-even ranges between 43 and 215 


pieces when compared to machining. 


JAMES A. HORN 


Chief Production Design Engineer 


McDonnell Aircraft Corp 


PRESSINGS OR PRESSED FORGINGS ar¢ 
used to form the light alloys with zero 
draft, thin webs, extremely thin flanges 
and with high accuracy and finish. Fig 
| shows the differences between forg 
ing and pressing a part 

Pressing minimizes much of the ma 
chining required on forgings, and in 
some instances, eliminates all machin 


Di2 


ing except drilling. This is accom- 
plished by the forged section being 
manufactured to the machined part 
drawing rather than to a 
drawing that superimposes draft, die 


and crude die 


forging 


mismatch, die wear, 
tolerances to the clean machining con- 


figuration of the desired part 
Pressing Dies 
Dies for making pressings are of a 


different concept than those required 
for conventional forgings. Die design 


differs essentially from standard forg 
ings in that all pressing dies must have 
some means of removing the pressing 
because of the zero degree draft angle. 
Originally removal was accomplished 
by a built-in die punching ram 25 
shown in Fig. 2. Segmental dies have 
been developed that incorporate an 
improved part knock-out ram. 

Die sinking must be done under 
carefully controlled workmanship and 
accuracy because the pressing, to be 
usable without machining, must be 
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fabricated within the limits of general 
machine tolerances 

The flash exits, as shown in Fig. 2, 
are at points C and D rather than at 
conventional and B. 


This technique eliminates cold flows 


the location A 
or shuts and pockets leading to grain 
incongruities that are frequently pres 
ent in forgings caused by 
stroking. In flash 
does not extrude into the die closure 
area, thereby blocking the upper and 
lower dies from closing to a predeter- 


repeated 


addition, material 


mined gap tolerance 

Pressed forging technique has been 
developed to the point that allows 
close-off at C and D, so that 
flange height as well as web thickness 


points 


is controlled by press operation 


Pressing Blank 


The configuration and weight of the 
blank or slug from which the pressing 
is made must be carefully controlled 
The blank may be shaped by machin- 
ing from bar stock, may be extruded, 
or may be produced as a blocker type 
forging. In its mechanics the process 
differ 
preparation of the blank for conven 


does not materially from the 


tional forging operations 


Forging Pressures 


Pressings require higher pressures 


than conventional forgings. Average 
pressure is roughly 50,000 to 70,000 
psi as compared to 35,000 psi for forg 
ings. Configuration of some parts and 
parts with very thin webs normal to 
the pressure direction may require 
for the 


parts so far produced pressures have 


higher pressures. However, 


not exceeded 80,000 psi 


Heat-Treat and Warpage 


Thin webs and thin flanged press 


ings presented a warpage problem 


when heat-treated by commercial 
sources. However, by following rea 
sonable handling methods and control 
of quench temperatures, warping was 
reduced to a negligible amount. Lack 
of serious warpage problems is prob 
ably controlled by the improved grain 
characteristics that result from an even 
and thorough grain movement during 
pressing operations 

Distortions caused by machining are 
negligible, primarily because of the 
absence of machining. Pressings that 


have local cuts seem to distort less than 
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Die block 


Die block 
(cavity) 


Pad on part 
fo absorb 
punch-out 
ram marks 


Fig. 2—Die design for manufacture of a pressing. Ram is used to punch out the 
finished part. C and D are flash lines rather than at A and B for a conventional 
forging. Machining at C and D finishes flange to desired height. 


(A) (B) 


Fig. 3—Material flow for (A) forging and (B) pressing. Solid outline indicates 
finished machined section made from forging. Pressing permits clean material flow 


at corners and fillets. Grain pattern remains parallel to all surfaces. 


Table I—Ultimate Tensile Stress Results 


Test Data 


Location of 
Specimens “tu (ps 


Elongatio 


Material per cent Fı, (psi psi 


AN-M-24 
Mag Alloy 


Bottom 

Side With Grain 
Side Cross Grain 
Side Cross Grain 


,000* 
,000* 


500 20 in 
000 19 in 
500 24 in 


000 in 


000* 
000* 
2.000* 
000* 


2014-T6 
Al Alloy 


Bottom 

Side With Grain 
Side Cross Grain 
Side Cross Grain 


000 500 000** 000** 


000 500 000** 000** 


000** 
000** 


500 
000 
7075-T6 
Al Alloy 


Bottom 
Side 
Side 


500 


200 


,000*** 000*** 


000*** 


300 2 75 


700 | 88,000 65,000*** 5.000*** 


Minimum guaranteed tensile properties 


of AN-M-21 forged and aged 
Minimum guaranteed tensile properties of 2014 die forgings < 4 in 


*** Minimum guaranteed tensile properties of 7075 die forgings < 3 in 


, heat treated and aged 


, heat treated and aged 


Di3 


1956 





torgings or bar stock, a result of the 
balanced grain flow which is almost 
the same at the surface as at the core 
Fig. 3 shows material flow 


Grain Characteristics 


As most production pressings were 
made of 2014 aluminum alloy, fabrica- 
tion tests were made to determine the 
adaptability of magnesium and 7075 
aluminum alloys 

Table I indicates the results of these 
tests for ultimate tensile stress, yield 
stress and elongation. Results exceeded 
the values recorded for conventional 
forgings and handbook allowables 
Microscopic examination of the grain 
flow indicated the grain to be better 
than forgings, revealing few defects or 
incongruities. In addition, the process 
has shown no evidence of pipes, »in- 
healed porosity or cold shuts 

The surface finish of pressings aver- 
age 75 microinches, which is sufficient 
for all but a few mating surfaces. The 
dies also exhibit the property of wear- 
in, and the part finish improves during 
the production run. Surface appearance 
is similar to high grade die castings 


Accuracies and Limits 
The accuracy possible with press 
ings is the major advantage. The fol- 
lowing working tolerances are used as 
reasonable minimums 


Wall thickness 


lg to V4 in 


Tolerance 
0.015 


V4 to 1^ in 0.030 


Tolerance 
0.010 
0.015 
0.020 
0.030 


Length and width 
0 to 10 ın 

10 to 18 ın 

18 to 24 in 

24 and up 


When necessary, the tolerance may 
The closest 
practical working tolerance that can 


be held to smaller limits 


be held for any wall thickness up to 


L^ in. is 0.010 inch 


Cost 


Two typical pressings are analyzed 
in Figs. 4 and 5. The cost is compared 
to a machined part. Separate analysis 
indicated that a rough forging properly 
machined would be more expensive 
than starting from billet material. The 
breakeven points are charted; the two 
pressings represent the normal ex 
tremes of typical pressed parts. 


Di4 


+ + + + + + 


T 
400 
300 


200 


} 1 Ead. d 
Break-even at 43 pieces 
a 


| Machining 
100 

Pressing“ 
50 4— і t 


20 30 50 100 200 300 


Pressing Quantity 


Mochining 
Type of production method 
Cost Comparison 


Pressing vs 
350 pieces/contract 


Average cost per part 


Machining 
40 pieces /releose 


Mache Set 
Cost Up 


Total 
Соз! +++ 


$ 56.79 
$17.91 
Includes 80% learning curve doto 


«« $3,750 is //2 of die cost as die is used for both R. and L. ports 
+++ Average cost for 350 pieces 


Material Eng 


Too! Die 
(port cost) Cost Cost Cost 
— 


Pressing 23.00 70 843 
Mochining 8.75 1.70 1.42 


Misc Loy- 
Costs out 





10.70+• 11.37 1.14 45 
48.40 2% 40 5.00 


Fig. 4—Cost comparison of part made by pressing or machining. Break-even point 
for this part is at 43 pieces. Average cost is for 350 pieces. 


Break-even at 
2/5 pieces 


+ i 


Machining 


+ 


500 7I 
Quantity 


Average cost per port 


Pressing 
Type of production method 


Machining 


Cost Comparison 
Pressing vs 
| 7I pieces/controct —— 40 pieces /releose 
[ Materia! Eng. Too! Die Moch* Set Misc 
(part cost) Cost Cost Cost Cost Up Costs 
Pressing 27.15 10 246 955 440 88 18 
Mochining IT.28 10 3.52 38.00 1.75 4 


+ Includes 80% learning curve dota 
++ Average cost for 7// pieces 


Machining 











Fig. 5—Cost comparison of part made by pressing or machining. Break-even point 
for this part is at 215 pieces. Average cost is for 711 pieces. 


Conclusion height of single directional flanges or 
maximum height of double directional 
been established 


Tolerances are not required for die 


Pressings do not present the prob 


flanges have not 


lems of accumulative tolerances com- 


monly associated with conventional 


closure, die mismatch and die wear 
However, 


forgings limiting design 
rules have not, as yet, been established. 

This is not a detriment since the 
few arbitrary limits that had been se- 
lected have been made obsolete with 
fabrication experience. Ratios of thick- 


ness to height of flanges, maximum 


REFERENCI 


Forging Technique by James A. Horn, 
Chief Production Engineer, McDonnell Air- 
craft Corp. Published in Aero Digest, Sep 
tember 1955, pg 36-42. 
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(А) 


(С) 


teel Extrusions 


ass Lubrication 


From: Literature Survey 


THE MAJOR REASON the limited 


production of steel extrusions has been 


for 


the high die wear caused by extrusion 
2,200 


of the die to prevent die breakdown 


temperatures of F. Lubrication 


has been unsuccessful until the intro 


duction of molten glass. The glass 
which softens under the effects of tem 
perature and pressure to produce a 
lubricating film, combined with heat 
ing the billet in a barium chloride salt 
bath to eliminate scale has made the 
extrusion of steel an economical and 
practical process. Three major advan 
tages may be noted 


1) Steels that are difficult or impos 
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Fig. 1 — Shapes formed by the hot extrusion 
process. (A) through (D) are designed for 
heat transfer between differing materials 
where either inside or outside extended sur- 
faces are necessary. (E) is a wrist watch case 
extruded in stainless steel. 


° @ 


(0) 


Glass lubricants have made pos- 
sible the hot extrusion of steels. 
Ugine-Sejournet process permits: 


metal shapes that are difficult to 


Using 


form by other methods to be 
extruded; shaping to take place 
isothermally with homogeneities 
of structures; good surface qual- 


ity; and low-cost tooling. 


sible to work by other methods can be denum, zirconium, titanium, S-816 


extruded. Austenitic grade stainless M-252, Hastelloy B and < 


steel tubing is being produced. The 


conventional rotary piercing methods 2) Specially shaped tubes are pos 


require a considerable amount of inside sible. These include different inside 


and outside grinding before subsequent and outside shapes and diameters 


cold work can take place. Extruded Many of the nonuniform wall types are 


tubes require no internal grinding and ised advantageously for heat transfer 


limited external grinding or mechanical purposes. Fig. 1 indi 


{ 


Several alloys previously considered cates a few of the various shapes that 


unpierceable by conventional methods 
are being extruded. One of these, 19-9 
In addi- 


tion to tubular work, solid bar have 


have been produced 


DL, is commercially available 3) Solid shapes are possible that are 


difficult or impossible to form by roll- 
been experimentally produced in such ing 


materials as pure and alloyed molly! 


Extrusion permits shapes which 


cannot be rolled or offered; shapes in 


0:5 
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small total quantities; and shapes in 


small unit quantities. Tools for extru- 
sions can be produced for about $100 
to $150 whereas rolls would cost many 
times this amount 

Small quantities do not greatly affect 
the overall costs. The most expensive 
item is the die and as long as the die 
may be reused the cost per run is small. 
The major saving occurs in small user's 
inventory and the prohibitive expense 


of rolls and rolling mill change-over 


for small quantities 


Extrusion Process 


The process is like the conventional 
extrusion method except that glass is 
used as a lubricant. As shown in Fig. 2, 
a cartridge of glass is placed between 
the billet and the die. As the hot billet 
progresses through the extrusion stroke 
it melts the glass which forms a film 
on the billet. This provides a continu- 
ous supply of molten glass lubricant 
between the die and the hot steel, and 
between the container and the billet 

Hollow or tubular extrusions, Fig. 
l, are made by drilling or piercing the 
billet before placing it in the container 
A mandrel, free-floating in the ram, 
Fig. 3, passes through the billet and 
die. Motion of the forces the 
metal to flow between the gap made 
by the mandrel and die 

The resulting 


ram 


extrusion has an out 
side shape similar to the die opening 
and an inside shape similar to the 


* я 


Fig. 2—Schematic drawing of a solid shape extrusion. Glass lubricant 
is placed between billet and die, and billet and container. 


mandrel contour. Lubrication between 
the billet and mandrel is provided by 
molten glass in the hole of the billet 


Glass Lubrication 


Early experiments used glass tubes 
or cylinders. Breakage of the tubes 
however, caused numerous defects and 
maintenance problems. Sleeves of glass 
sheet were next tried followed by glass 
cloth. Presently glass powder is used 
in the form of a sock or hose 

The extruded products is covered by 
a layer of glass about 0.001 in. thick. 
The removal of this thin film is neces- 
before additional work can be 

The glass film is removed by 
adding hydrofluoric acid 
sulphuric pickling 
Molten soda may also be used. An im- 


Sary 

done. 
to the usual 
acid compound. 
proved method is to subject the ex- 
truded piece to the action of a stretcher- 
most of 
the glass, thus shortening the pickling 
time of the extruded part. 


straightener which removes 


Part Size 


The actual size of parts which may 
be extruded is limited by the design of 
the press and the container tools avail 
able. The dimensions of thc 
shape must fall within a circle which 
will allow sufficient die wall between 
shape and container wall to give ade- 
quate die strength 


The 


overall 


minimum area of shape ex 


truded is determined by the ratio of 
As this 


ratio increases, the pressure within the 


container area to shape area 


container increases until a limit is 


reached either the 


strength of the 
tool or the force of the press. The re 
sistance to deformation of the metal 
also be considered. This resist- 
is determined by the metal’s 

herent hot hardness and by the working 


te mperature 


must 


ance 


The maximum volume of extrusion 
—the length of piece for a given area 

depends upon the billet size. If the 
container pressure is low, the size is 
determined by the physical length and 
the area of the container. If the pres 
sure is high, billet length may be lim 
ited to a value less than that the con- 
tainer can accommodate 

An extrusion formula has been theo 
retically established for solid products 


as follows 
p Log ô eè 


where, p is the unit pressure in the 


container-—the ratio of the force ap- 
plied on the ram to the cross section of 
the compressed billet; p is the resist- 
ance to deformation of the metal; à is 
the extrusion ratio—container area to 


shape area; e is the base of natural 
R is the radius of the con- 
length of billet 


and f is the coefficient 


logarithms; 
bore; L 
under pressure; 


tainer is the 


of friction of the hot metal against the 
container surface 


If there is no lubrication to reduce 
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Container 


С 2222255 


1022222 


lable I 


Max wt of 
48 in. b 


Babcock & W 


the friction between metal and con 


tainer, the wear on the will 


container 


not increase materially; but a more 


force will be 
The 


increase in 


substantial required for 


the extrusion force needed will 


further 


proportion to the 


length of the billet. However, 


without 


even 
lubrication extrusion is 
sible if the billet 


pos 


} 


is not too long. The 


problem is that the die will be de 


formed and extrude with the billet 


after a few feet of steel is processed 
Curves which show resistance to de 
formation as a function of temperature 
approach straight lines. Usually when 
a metal of a 


new analysis is treated, 


two extrusion tests are run at different 


temperatures, and the characteristic 


straight line curve from 


After this, 
to the 


is plotted 


these points all the factors 


relating extrusion 


available 


analysis for 
a given press are 

Lubrication can either render a pos 
sible extrusion of longer billets or re- 
duce the wear of the tools by reducing 
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Extrusion Size Limits With a 


Manso! 


JA 


j| 


Fig. 3—Schematic 


drawing 
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of a tubular section extrusion 


Added glass lining is placed between mandrel and billet 


2500-ton Press 


are three critical 
billet, 


comes up against the die; 


friction. There areas 


| the face of the where it 
› 

) in the ex 
trusion of tubes, the area at which the 
as the bore 
and 


where it 


interior meets the mandrel 
of the extruded product is formed; 
3) the exterior of the billet, 
is pressed against the container 


Combining these factors as 


applied 
to a 2,500 ton press and the containers 
limits shown 


2.200 F 


sizes indicated results in 
in Table I for type 304 steel at 


by one manufacturer 


Glass Lubrication for 
Nonferrous Metals 


Special glasses, softening at low 
temperature, can be prepared and used 
to advantage in the extrusion of certain 
bronzes, light alloys or other metals 
Advantages to be obtained would vary 
with the Light alloys are now 


feet 


metal. 


extruded of slow speed a few 


1956 


per minute; lubricating with glass may 


raise this figure forty times 

Some bronzes extruded by standard 
techniques have poor surface quality; 
some cannot be extruded. Glass lubri 
cants promise improvements in this 
field. By extruding copper with glass 
lubrication, temperatures may be 
dropped to 1,100 F, 


thin-walled 


making possible 


tubes without multiple 


rollings and cold drawings 
The 


when 


low extruding temperatures 
offer 


uranium 


glas is a lubricant 


making 


used 


real advantages in 


shapes at temperatures below allotropic 


transformations that rende r uranium 


difficult to work 
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Standard Welding Procedure for Clad Plates 


PLATE 


For gages 3/16 in. to *$s in 


PREPARATION 


For gages 5% in. and up. 


WELDING STEPS 


Plate fit-up. Steel weld protect 
ed from high alloy pickup. 


3 Clad side prepared for welding 
. by chipping or grinding. 


From: Chemical Engineering 


ж... 


> Steel welded. Steel weld 
= does not penetrate cladding. 


Ss” 


Two passes applied to clad side 
to complete joint. 


side 


Fabrication of 


Clad Steels 


HENRY F. PETERS 
Lukens Steel Company 
WHILE CLAD STEELS have found their 
widest application in the construction 
of tanks and pressure vessels, they are 
also widely used for such equipment 
as mixers, bulk handling equipment, 
rolls and fact 
metal is in contact with some substance 
that plain steel will not resist chemi- 


dryers—in wherever 


cally or mechanically. Properly selected 
clad material will 
corrosion, 


1) Prevent or reduce 


abrasion or oxidation 


2) Prevent 


contamination of the 
substance in contact with the metal 
3) Supply desired properties such 
as high strength, 
ductivity, or 


good electrical con- 


properties suitable for 


bearing applications 
Properties and Characteristics 


bonded 


together into a clad steel plate cannot 


The two dissimilar metals 


be separated in the normal course of 


fabrication and service life 


When sub- 


jected to hot forming, gas 


cutting, 
hot and cold bending, they 
perform as though they were a solid 
metal—without buckling, cracking or 


peeling of the layers. 


shearing, 


The bond in clad steel plates is a 
weld formed over the entire interface 
by pressure and high temperature, gen- 
erally produced by rolling on a plate 
mill. Sealing of the pack and use of 
electrolytic nickel plating on Monel, 
high-chromium alloys and copper as- 
metal-to-metal and 


sures a contact 


complete bonding of the steel to the 
cladding. The thin, high 
nickel layer at the bond of the finished 
clad plate retards carbon diffusion from 
the backing steel during subsequent 


heating operations. 


continuous, 


Tensile strength of the clad plate 
with the exception of copper clad is 
equal to, or better than, the tensile 
strength of the carbon steel backing 
plate. Shear strength of the clad steels 


at the bond line is in excess of 20,000 
pounds per square inch 

The backing plate is generally car- 
bon steel but alloy 
steel of flange or firebox quality of the 


standard plate 


may be any low 
specifications. Because 
of the wide range of selection of back 


ing material, advantage can be taken 
of the high tensile strength of carbon 
silicon or low-alloy steels, or the ele- 
vated or sub-zero temperature proper- 
nickel steels 


ties of molybdenum or 


Corrosion and  abrasion-resistaat 
properties of the metals used as clad 
ding are unchanged by being bonded 


to steel 


Thermal Conductivity 


Vessels made of clad steels have an 
appreciable advantage over many solid 
Where ex- 


is applied, the good heat 


high-alloy or lined vessels 


ternal heat 
transfer properties of clad steel assure 
faster heat up and cooling, and more 
uniform heating than lined plates or 
plates of solid high-alloys. Exception 
is nickel-clad which has the same 


nickel. 


a result of 


thermal conductivity as solid 
This faster heat transfer is 
the better heat conductivity inherent 
in the carbon steel or low-alloy back- 
ing plate and the continuous metal-to- 


metal bond of cladding to backing. 


Fabricating Clad Steels 


Clad fabrication 


difficult 


steel presents no 


problems. Integrity of the 
cladding material must of course be 
maintained in such operations as weld- 
ing. Material should be handled with 
the same care that plates or sheets of 
the solid high alloy material normally 
receive to avoid surface damage and 
contamination. 

Bending rolls, dies and tools should 
be wiped or brushed clean of loose 
scale and steel particles that otherwise 
might be imbedded in the clad surface 

Care taken in pickling, 
grinding, polishing, removal of weld- 
ing flux and any similar operation to 


must be 


avoid penetration of the cladding. 
Imbedded gouges 
and deep scratches not only reduce the 
cladding thickness but also may act as 
focal points for corrosion. 
Heat-Treating — Controlled heat- 
treating procedures are desirable in 


foreing matter, 


stress-relieving corrosion-resistant high- 
alloys materials. Conventional equip 
ment is used, but control of time and 
is important. 


temperature The mat« 
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rial should not be exposed to a direct 
flame if gas or oil is used as fuel. Car 
bonaceous substances such as marking 
paint and protective oil should be re- 
moved from the clad side before heat- 
ing. 
should be heated with the clad side up 


Wherever possible, the plates 


Shearing, Punching and Forming 
Shearing and punching should be done 
with the clad side up to throw the burt 
on the steel side. If sheared clad steel 
plates are to be welded, allowance must 
be made for shear droop (the break in 
flatness that occurs on the sheared edge 
due to shearing pressure). An allow- 
ance of 14 in. diameter should be made 
in headers for this shear droop. This 
effect can be disregarded in light gage 
plates, or where the work is subject to 
further machining operations 
Material should be in the annealed 
condition when severe bending or 
other forming is performed Compen 
sation should be made for spring-back, 
and radii should be as large as pos- 
sible. The 


stainless steels 


straight chromium-clad 


are not as ductile as 
other clads, and allowance should be 
made for this factor in both design and 
fabrication 
Machining—The backing plate will 
machine with speeds and feeds used 
for mild steel. With chromium-nickel 
stainless claddings, the tool should not 
be allowed to ride the clad surface, as 
the material will work-harden and gall 
With all types of cladding, the speeds 
should be a little lower than those used 


for steel, but feeds should be firm 


Flame Cutting—Clean and smooth 
cuts can be obtained in all clad mate 
rials. Procedures have been established 
by which all clads ( with the exception 
of copper) up to 35 per cent can be 
flame cut without use of flux injection 
Plate lad 


determine 


thickness and percentage clad 


tip SIZCE oxygen press Irc 
and cutting speed 

Embrittlement of straight-chromium 
cladding and carbide precipitation in 
chromium-nickel cladding, four.d along 
the line of cut, shouic be considered 
Extent of the heat-affe.tcd zone along 
the line uf cut will depend on the 
speed of cutting and plate gage. Af 
removed by 


machining to 


fected material should be 
grinding or improve 


ductility or to remove precipitated 


chromium carbides, if afterward the 
plate cannot be annealed 
Scarfing of the steel backing for 
welding can be done by gas beveling 
Flame cutting of steel is done by the 
white-hot 


successive Oxidation of the 


metal and the removal of the oxide 
This is blown out or flows away as slag 
With clad steels, the cladding 15 ге 
moved by the actual melting of alloy 
assisted by the fluxing action of the 
molten backing steel. Thus, clad steels 
are cut with the cladding side down 
where flux injection is not used 

Best technique recommended for 
flame-cutting clad steels is the use of 
oxyacetylene, natural gas or propane, 
with low 
cutting from the backing steel side 


( lad 


oxygen cutting pressure, 


steels can also be cut from 


Maximum Hot Working and Annealing Temperatures for Clad Steels 


ASTM 


Popular Name 


12% Cr 

12% Cr 

17% Cr 

18-8 

18-8 Extra Low Carbon 
25-12 

25-20 

18-8 Mo 


18-8 Mo Extra Low Carbon 


18-8 Ti 264 
18-8 Cb 264 
Nickel 265 
Monel 265 
Inconel 265 


Copper B152 


Do not heat above maximum temperature of 
hot working range. 
1 Work to below 1500 F for 
refinement. 
3 Furnace-cool at 50 deg F per hour to 1000 F, 
then air cool. 


maximum grain 
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Grade 


Nickel-Copper alloy 
Nickel-Chromium alloy 


Maximum 
Hot 
Working 
Temp. F 


Annealing Temp- 
erature Rang: 
and Rate of 

Cooling F 


2100 
2000 
2000 


1250 
1425 
1425 
1800 
1800 


2050 


13005 
1475 
1475 
2000 
2000* 
2150 
2150 


2150 


2100 
2100 
2100 
2100 2050 
1900 
1900 
1900 


2100 
2100 
2100 
2100 
2100 
2100 
2300 
2150 1600 
2300 1750 
1650 700 


2150* 
21504 
1900. 2150* 
1800 
1800 


1500 


2000 
2000 
1600* 
1700* 
1850 
1200 


Nickei* 


OF, DHP 


! Air quench 

! Can be annealed at 1500-1650 F for 2 hr per 
inch of thickness 

* Low-carbon nickel should be used for applica 
tions involving long-time service in the range 
from 700 F to 1200 F. 
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either side using the oxyacetylene cut 
ting process combined with powder of 
lux injection, or special tubular elec 
trodes with a controlled flow of oxygen 
through the center 
Arc Welding 
clad 


the corrosion. resistant 


As the weld joining 


steel plates becomes a section of 
material, it not 
only must supply structural strengtl 

must ma:natain the integrity of the 
Clad 


welded, but tO insure SUCCESS, proper 


clad surface steels are. readily 
joint design and welding procedure 
must be used 

Finishing Many applications re 
quire that the weld surface be ground 
Hush or that ripples be removed. The 
first grind is generally given with rub 
aluminum 


The 


ber or Bakelite-bonded 


oxide wheels of 16 to 36 grit 


wheel should be free-cutting and usu 


ally operates at 5,000 to 6,000 linear 
feet per minute 

Edges of the wheel should be 
rounded and grinding should proceed 
along the bead, care being taken not 
to tilt the wheel. A ?4, in. 10 per cent 


clad 


0.018 in. cladding, and a tilted wheel 


plate has only approximately 


will soon cut through or seriously ге 
The 


the 


duce the thickness of cladding 


ride 


wheel should be allowed to 
work in the interest of efficiency, and 
should not be held too long in any one 
place because of danger of overheating 
the clad surface. Heat tinting will ap 
pear at approximately 400 F 

Stress Relievine—Vessels fabricated 
of clad steels may be stress relieved at 
usual temperatures and for the usual 
length of time, depending on the alloy 
cladding. A stabilized grade of stain 
less cladding should be used, however, 
to prevent carbide precipitation 

The fabricated 
vessels is stress-relieving 
treatment, required by the ASME code 
Non-code 
lieved to insure freedom from stress 


heat treatment of 


usually a 
vessels that are stress re 
corrosion cracking in certain media, 
the stress-relieving heat treatment is 
usually the same as that required for 
code vessels 

Further information regarding the 
welding and heat treatment of clad 
steel vessels and welded construction 
can be obtained from manufacturers 


and marketers of clad steel materials 


REFERENCE 


What You Should 
Steels by Henry F 
Co. Published in 
October 1955, pg 


About Clad 
Lukens Steel 
Engineering, 


Know 
Peters, 
Chemical 


34-242. 
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From: ASME paper 


Form 


i — 
À 
| 
Minor Major 
diometer diameter 
\ і 
: Y 


Diameter Cut threod Diameter 


Rolled thread 
of bar of blank 


Fig. I—Comparison of cut and rolled threads. Unlike other 
threading processes, in rolling no material is removed 
consequently no chips are produced. 


and 


olling 


O 
xternal 





Cut threod Rolled thread 
Í ( а S Fig. 2—Grain flow of cut and rolled threads. In rolling the 


fibers are reformed into a continuous line, similar to any good 
forging, thus increasing thread strength. 


Advantages of thread rolling process. , | | 
N " Fig. 3—Comparison of common thread finishes. 


Design and specification of blanks. gurunu 





Time of Thread |— 


Application of rolled threads. Pro- __| 2% 


25 63 32 16 8 4 


لهو 


duction rates for various types of 


commercial thread 


ment. 


C. T. APPLETON 
Vice President 
Reed Rolled Thread Die Co. 


THREAD ROLLING is a simple cold 
forging almost en 
Hardened 
steel dies are used to roll the threads 
The 


pressed against the 


process confined 


tirely to external threads 


threaded faces of these dies are 
periphery of a 
plain cylindrical blank and reform the 
surface of the blank into threads as the 
blank rolls on the die faces 

The working faces of the dies have 
a thread form that is the reverse of the 
thread to be produced. In penetrating 
the surface of the blank, the dies dis 
place the material to form the roots of 
the thread and force the displaced ma- 
form the 
The blank has a 
diameter part way between the major 


and minor diameter of the thread 


terial radially outward to 


crests of the thread 


The thread rolling process is recog 


D20 


rolling equip- 


Screw Machine 
Chased Threods 


Milled Threads 


Ground Threads 


Rolled Threads 


nized as a preferred method of produc- 
ing threads of uniform quality and is 
in wide use. Rolled threads have in- 
creased strength, greater accuracy, a 
high degree of surface finish and can 
be uniformly produced at high rates of 
production with no waste material 
Fig. 1 shows a comparison between cut 
and rolled threads 


Advantages of Rolled Threads 


INCREASED STRENGTH. The cold forg- 
ing of the threads during the rolling 
process strengthens them in tension, 
shear and fatigue. As shown in Fig. 2, 
when the thread is rolled, the fibers of 
the material are not severed as in other 
methods. They are actually reformed 
in continuous unbroken lines follow- 
ing the contours of the thread 

Rolling between smooth dies leaves 
the thread with smooth burnished roots 
and flanks, free from tears, chatter cr 


E 11 1 
ia 
| 


| | m 


cutter marks that can serve as focal 
points of stress which act as points of 
fatigue failures. Rolling also leaves the 
surface layers of the thread, particularly 
in the root section, stressed in com- 
pression. These compressive stresses 


must be overcome before tensile 


stresses can occur. This preloading 
deters the build-up of tensile stresses 
which can also cause fatigue failures 

Improved 
ported to be about 50 to 75 per cent 
On heat-treated bolts with Rockwell c 
values of 36-40, threads rolled after 


heat-treatment show increased fatigue 


fatigue strength is re- 


strength of 5 to 10 times that of bolts 
having cut threads 


MATERIAL SAVINGS. Where blanks are 
prepared by heading, extruding or 
stamping, or where the thread is the 
largest diameter on the part, for ex- 
ample, a stud, rolling will save mate- 


rial. This results in savings ranging 
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Blank 


Fig. 4—Dies rolling narrow root flats 
penetrate blank easily. A 40 deg angle 
is preferred for worms. 


/4 Yo deg. pressure angle 


Slight radius 


Blank 


Maximum radius 
,,Slight radius 


Full radius preferred 


O deg. pressure angle 
2 роти \ 9 Slight radius 


- / 


40 deg » 
B 
B/ank 


Minen тене 40 deg. angle preferred 


for worms 


Fig. 5— Thread blank root design. The 
full radius design is preferred in place 
of wide root flats. Rounded surface on 
the crest of the thread on the die permit 
easier entering action of the dies into 
the blank to form the thread. 


Dos uL 


Machine screws 


| Pilot point | Cone point 


Type A tapping screws 


| Pilot point | Cone point 


Wood screws 


® 


Pinch point for 
miscellaneous work 


Log bolt 


Fig. 6— Typical cold forged blanks for 
common fasteners. Parts may be prepared 
for rolling on screw machines with the 
use of shaving tools. 
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from about 16 per cent on larger diam- 
eter threads to over 27 per cent on 
On stamp- 


ings, the thickness of metal from which 


smaller diameter threads 


the stamping is made can often be re- 
duced. This also reduces the weight of 
the scrap strip or sheet from which the 
stamping is made 


ACCURACY AND UNIFORMITY. The 
production of accurate threads nor- 
mally requires that close control be 
exercised over pitch diameter, thread 
angle, lead, taper and roundness. The 
tolerances specified for pitch diameter 
include all errors of pitch diameter, 
lead, thread angle and taper 

The thread angle produced on the 
work is dependent upon the accuracy 
of the thread-rolling dies, while the 
accuracy of the lead produced is de- 
pendent upon the accuracy of the dies 
and the material being rolled. In most 
lead of the 
thread on the die is exactly reproduced 


instances, however, the 
on the material being rolled. 

Thread-rolling dies do not wear out 
in the same manner as other threading 
tools. Wear, instead of being concen- 
trated on a sharp cutting edge, is dis- 
tributed over a broad surface, and the 
rolling action is relatively free from 
friction. Therefore, the thread form of 
a rolling die is not changed by erosion, 
nor does it fail to reproduce itself be- 
cause of dullness or adhesion 


SMOOTH FINISH. In cold forming op- 
erations the surface finish on the work 
is a Close approximation of the surface 
finish on the dies. In roll thread form- 
ing the threads produced are normally 
The 


improvement is caused by the slight 


smoother than the dies cr rolls 


slipping and burnishing that the thread 
always receives as it rolls against the 
dies. Fig. 3 shows a comparison of 
thread finishes commonly produced by 


the various threading methods 


SPEED AND ECONOMY. Rolling is the 
fastest method of producing threads 
Although thread rolling has proved 
economical on large quantity produc- 
tion, similar savings and economies are 
realized on small lot production 
Threads may be rolled on automatic 
screw machines without reducing 
spindle speeds, and the fact that rolling 
can be done on the collet end of the 
part behind a shoulder often saves a 
secondary threading operation 


As thread-rolling dies do not require 
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sharpening, down-time is reduced and 
sharpening and resulting labor is saved 
The uniformity of the threads pro- 
duced by eliminates 


thread rolling 


COSt ly inspectic n procedures. 


PREFERRED FORMS FOR ROLLING. A 
die having a relatively sharp crest, Fig 
í, easily penetrates a blank. The parti 
cles of material that are pressed down 
by a flow 
from that edge and along the surfaces 
of the flanks of the thread form. Parti 


narrow crest easily away 


cles a short distance away from the 
thread surface of the die have little or 
no distortion. Therefore, when rolling 
threads or other forms with wide root 
flats, it is desirable either to round the 
edges of the root flat with a generous 
radius, or to design the thread with a 
full-radius 


root as shown in Fig. 5 


These rounded surfaces on the crests 
of the threads on the die streamline 
the flow of material and provide an 
easier entering action of the dies into 
the blank 
American similar 


flats 


Standard апд 


thread forms with narrow 


for 


root 


roll easily Threads lag screws, 


wood screws and tapping screws have 
rolled 
with flat dies specially designed to 
the penetration 
flat, and then gradually enlarge the 
width of flat to size 


wide root flats and are usually 


start with a narrow 


BLANK DESIGN 
For 


AND SPECIFICATIONS 


common fasteners, bolts, cap 
screws, machine screws, the blanks are 
usually cold forged in heading ma- 
chines, similar to Fig. 6. Close blank 
tolerances are maintained with carbide 
heading dies. For very accurate threads 
with high hardness, blanks are usually 
centerless ground or shaved. 

The design of blanks vary for dif 
The ends 
should be bevelled to prevent excessive 


ferent kinds of work, Fig 


chipping of the threads on the dies or 
rolls. The angle and depth of bevel are 
important. A bevel of 30 deg from the 
axis of the blank, which gives a 60 deg 
included angle, is preferred for general 
conditions. The diameter at the small 
end of the bevel should be less than 
the minor diameter of the thread 

In general, blank diameters should 
be less than the maximum pitch diam 
eter of the thread, and blank-diametei 
tolerances should be as small as pra« 
for manufacture. On 


shorter thread lengths, especially wit! 


tical economic 


very soft materials, there is some end 


D?! 





lonk 
diameter 


Minor diameter less 


1/2 thread depth 


і 
= 


BLANK 


Fig. 7 Blank 
blank diameter 


design for various 


results in major 


wise stretching of the blank. To offset 
this and to obtain sufficient radial dis- 
placement of the material it is neces 
sary to increase the blank diameter to 
compensate for the endwise stretching 

Since rolling does not remove or 
compress material, it is necessary that 
the blank does not contain more than 
the correct amount of material to form 


Table I 


Approximate Production 
Rates 
In-Feed Rolling 


Thread Rolling Machines— 
Soft Steel 


Diameter 
of Rotary 
Thread Planctary 


Recipro 


cating 


400-1600 60-175 
400-1200 60-125 


150 60-80 
40-60 


FINISHED WORK 


FINISHED WORK 


fasteners. 
diameter 


B/ank 


dame fter 


Minor diameter. 
iess 0005 


BLANK 


Blank diameter tolerances must be controlled accord- 
ing to the accuracy of the thread to be produced. 


Variation in thread 


variation of the 


the finished thread. Also, the dies must 
be set up so they will roll maximum 
major and pitch diameters when using 
a maximum diameter blank. Otherwise, 
the blank 
dies will become 


will be overrolled and the 


overloaded 


Equipment and Applications 


Most of the threads produced are 
rolled on thread-rolling machines and 
Thread 


rolling machines use flat and cylindri- 


automatic screw machines 


cal dies, while the automatic screw 
machines use cylindrical dies. In most 
instances, the entire length of thread 
is formed by the in-feed method 
Through-feeding is used on cylindrical 
die machines for continuous threading 
of long bars and short headless parts 
End-feeding thread-rolling attachments 
are also used for through-feeding of 
longer threads. 

RECIPROCATING MACHINES. Flat dies 
are used in reciprocating types of 
thread rollers. The machines are made 
in a number of sizes, each for a limited 
diameter range and with a specified 
length of die. Two dies are used; one 
stationary and one moving, Fig. 8. A 


BLANK 


30< 


| 
4 iho Pitches 


Minor diometer 
less 1/2 thread depth FINISHED WORK 
Die 
XN її 
n A 


| i 
Ф 
“12 pitches 


Minor diameter"... / le Pitches 
less 0.005 


FINISHED WORK 


Fig. 9—Typical flat die 
thread applications. (А) 
Machine and cap screw. (B) 
Right and left hand thread 
rolled simultaneously. (C) 
Rolling multi-step threads. 
(D) Rolling thread and 
knurling of a large diameter. 
(E) Rolling machine screw 
and gimlet point threads 
and knurling. (F) Rolling 
thread and flutes. (G) Knur- 
ling and part marking. (H) 
Rolling helical flutes іп 
drive nails and dowels. 


thread is rolled on one blank at a time 
during the forward stroke of the ma- 
chine. There is no axial movement of 
the blank during tolling 

The diameter of the finished thread 
is controlled by the diameter of the 
blank and between the 
faces of the dies at the finish end of the 
stroke. The number of revolutions for 


the distance 


rolling a thread on a blank is depend- 
ent upon the die length, and the rate 
of penetration is determined by the 
shape of the die 

The largest size threads rolled on 
common types of reciprocating ma- 
chines are about 1 in. Fig. 9 shows a 


few typical flat-die applications. 


ROTARY PLANETARY MACHINES. These 
machines have one central rotary dic 
on a fixed axis and one or more sta- 
tionary concave segment dies located 
to the outside of the rotary die, Fig. 10 
The starting end of the segment die is 
set so the segment and rotary dies will 
just contact the blank. The finishing 
end of the segment die is set closer to 
the axis of the rotary die so the thread 
is fully formed when the blank rolls 
past the finish end of the segment die 

Machines are made in several small 
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Blank 


Stationary die 

Fig. 8—Reciprocating thread 

machine. Blank rolls moving 

and stationary dies to produce the rolled 
threaded part. 


rolling 
between 


Stationary segment die 


Rotary die one segment) 


B/anks 


10—Rotary 
use 


Fig. planetary ma 


chines 


type 
dies and stationary 
blanks may 
be rolled depending upon the setup 


rotating 


segment die. One or more 


Fig. 13—Thread rolling in screw ma 
chine using single roll. Threads should 
be rolled with as revolutions as 
possible. Spindle speeds may be the same 
as for other operations. 


tew 


sizes, with limited diameter ranges 


Each size machine has a specified 


length of segment die and the number 
of revolutions for rolling a thread on 
a blank depends upon the segment dic 
length. Speeds may be varied to accon 


modate the rolling of different kinds 


and hardnesses of materiais 


CYLINDRICAL DIE MACHINES. A wide 
range of speeds and feeds are possible 


} 


with these machines. Since the dies are 


circular 111 shape there are no limita 


tions on the number of revolutions 


provided for the rolling of a thread or 


1 


the rate at which the dies feed into 


the work. Cylindrical die machines are 
made with two or three dies, and the 


three dic 


machines have diameter ca 
pacities exceeding 4 inches 

Two cylindrical die machines have 
two opposed dies mounted on parallel 
axes and the blank to be rolled is sup 
ported on a work rest between the dies 
Fig. 1] 


direction 


The dies rotate in the 
The 


and the axis of the other die 


same 
axis of one die is sta 
tionary 
moves toward the axis of the stationary 
die to roll the thread on the blank 
Three cylindrical die machines have 


three dies equally spaced around th« 
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(Some machines use more than 


Stationary cylindrical die 


Work rest 


Moving cylindrical die 


| a 
Pressure 


D FABRICATION AND PRODUCTION PROCESSES 


Fig. 11—Two die type 
cylindrical rolling machine 
Diameter of the finished 
thread is controlled by blank 
size, distance between the 
dies and the position of the 
center of the blank in rela- 
tion to the centers of the 
cylindrical dies 


3 cylindrical dies 


in rolling position 


Cylindrical dies 
in retracted position 
Fig 
machine 
is controlled by 
distance between the three dies 


Thread ro 


— — 


~ 


F 
[ : 
~ ad НВ + + 
Pressure N Ps 


blank which 
Fig. 12. The 


parallel axes and rotate in the same 


floats between the dies, 


dies are mounted on 


direction 
Both 


chines can be adapted to 


cylindrical die ma 
feed blanks 
axially whicn is known as through-feed 


types of 


rolling. However, the three die ma 


chines are more widely used to through 


feed roll either hollow or solid blanks 
through the dies 


SCREW MACHINES. Rolling threads on 


screw machines and automatic lathes is 
most commonly done with attachments 


When 


pres 


using one or two thread rolls 
rolling with one thread roll, the 
directly against the 


spindle and the blank. With two op 


posed rolls that form the thread be 


sure is usually 


tween the rolls as they straddle the 


blank, the direct pressure on the spin- 
dle and blank is reduced to about 15 
per cent of the pressure exerted by one 
roll. Hence, there is less spring of the 
blank and reduced wear on the spindle 
bearings when using two rolls 


With 


toward 


roll feeding directly 
blank, the 
size of the finished thread is controlled 
of the blank and the final 


a single 


the center of the 


by the 


5126 


1956 


Movement of rolls 
fo form thread 


12—Three die type cylindrical rolling 
The diameter of the finished thread 
the size of the blank and the 


Fig. 14—Thread rolling in 
machine 
Cross 


screw 
rolls 


using two 


slide travel is 


only used as a means of 


supplying movement to the 
thread rolls. 


Fig. 1 

This determines the center distance be 
the blank at th« 
time of completing the thread 


positioning of the cross slide 


tween the roll and 


Attachments with two rolls usually 
has two opposed thread rolls which 


form the thread between the rolls as 


they straddle the blank—final size of 


the thread being obtained when the 
cross-slide moves the rolls to the center 
of the work, Fig. 14. The size of th« 
thread is controlled by th« 
blank 


ittachment rol 


finished 


size of the and the fixed 


ot the 


setting 


15 


Rates of Production 


Production varies with the nature 
the work, hardness and type of mate 


rial and the equipment used. Rate of 


production is usually less for harder 


materials and where the work is diff 


cult and slow to handle. A comparison 


ot the approximate production rates of 


thread rolli 


the different types of ing 


machines is shown in Table I 


REFERENCI 
Thread and Roll 
Reed 


Mass. Presented 
Meeting, Bos 


Applications of 
ing by € І 
Die Co., 
ASMI 


ton, Mass, June 


Appleton 
Holden, 
sem 


Thread 


ıt the Annual 
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From: American Die Casting Institute 


Product 
Standards 
Of 

Die 
Castings 


DIE CASTINGS CAN be produced that 
are excellent in surface finish, dimen- 
sional precision and minimum draft. 
Rarely, however, are all these requirc- 
ments needed to the maximum degree 
in any one die casting. To permit nor- 
mal production practice at the most 
economical level, the American Die 
Casting Institute ( ADCI) is issuing a 
series of Standards to guide users of 
die castings. The following tables and 
graph are the first of these Standards. 

The values given for tolerances and 
draft are consistent with speed, un- 
interrupted production, reasonable die 
and tool life and 
normal inspection, packing and ship- 
ping cost. Special requirements for di- 
mensional and draft 
beyond the Standard may be specified 


maintenance cost, 


accuracy, finish 


when required by the user. 


Linear Dimension Tolerances 


A 


Table I 


Tolerances for Critical Dimensions* 


Die Casting Alloy 
Length of Dimension “А 
Zinc Aluminum 


Magnesium Copper 


Basic tolerance up to 1 in. 0.003 | 40.004 | 40.004 | +0.007 
Over 1 in 
Additional tolerance for each to 12 in +0.001 +0.0015 


additional in. of dim. "A" 


-0.0015| 40.002 


Over 12 in 0 001 +0. 001 +0. 001 хх 


Example a tolerance of 


» 0.0085 in 


An aluminum die casting would have on a 4.000 in. dimension “A 


ıf dimension is not affected by a parting line or moving die part 


Table II 


Tolerances for Non Critical Dimensions* 


Die Casting Alloy 
Length of Dimension “A 
Magnesium 


Zinc Aluminum Copper 


Basic tolerance up to 1 in i-0. 010 0 010 0.010 0.014 


Оуег 1 іп 


to 12 in +0.0015 10.002 +0. 002 +0 003 


Additional tolerance for each 
additional in. of dim. *A" 
+-0. 001 


0.001 +0. 001 хх 


*The tolerances shown must be modified if a parting line or moving die part affects Dimension ''A 


Parting Line Tolerances—In Addition to 
Linear Dimension Tolerances 
Based on Single Cavity Die 


г Parting plane 


A 


y. S 
WZZIZA I 


Table IH—Additional Tolerances* 


Die Casting Alloy 
Projected Arca! of 
Die Casting 


Zinc Aluminum Magnesium Copper 


Up to 50 sq in +0. 004 +0.005 0 005 0.005 


50 to 100 sq in +0. 006 +0. 008 0.008 


100 to 200 sq in. +0.008 0.012 i-0.012 


200 to 300 sq in. 10.012 0.015 0.015 


"Projected Arca parting plan« 


is the area of the die casting in square inches at tl і 


*The above tolerances are to be added to Linear Tolerances, Tables I and II, when the parting line 


affects a linear dimension. 
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zi 


кере | A 
ЕЕЕ 
чү 


<` Copper alloys 
“Aluminum alloys 


WV 


N 
М 


Fig 1= Draft Requirements 


All walls on die castings normally vertical to the part- 
ing plane of the die casting die require draft or taper 
This draft is not constant. It will vary with alloy used | 
and with the depth of the wall as indicated. The graph | 
is for draft on inside walls. Draft required on outside 
walls is '/2 of that required on inside walls 

Draft requirements for corners will be covered in a | 
separate standard. The provisions shown do not apply 
to die cast lettering, engraving or honeycomb designs. 





0.05006 0.08 01 i . 1 | | 3.0 40 


Depth of woll "L", in. 


50 60 80 100 


Moving Die Part Tolerances—In Addition to 
Linear Dimension Tolerances 


Parting plane 


A 
@-+- 
Y 


Tolerances for Flatness 


Table V—Flatness Tolerances*— 


Table IV—Additional Tolerances* 
ible dditional Tolerances pap а 


Die Casting Alloy 
Projected Area! of 


Dimension! of АП 
Die Casting Portion : 


Die Casting Alloys 


Zinc Aluminum Magnesium Copper 


0.004 0.005 +0.005 +0.010 


Up to 10 sq in 


Basic tolerance (in.) up to 3 in 0.008 


10 to 20 sq in +0.006 +0.008 


+0.008 


20 to 50 sq in. +0.008 +0.012 +0.012 


> быа Additional tolerance (in.) for | 
+0.015 +0.015 each additional in. 0.003 


50 to 100 sq in. 10.012 


Dimension means maximum dimension liam- 
eter of a circular surface or diagonal of a rectan- 


"Projected Area" is the area, in square inches, of the portion of the die casting affected by the 
gular surface). 


moving die part. 
*Flatness shall be measured with a feeler gauge 


*The above tolerances are to be added to Linear Tolerances, Tables I and II, and the Parting Line 
Tolerances, Table III, when a moving die part affects a linear dimension 
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from three widely separated points on a continu- 


ous plane surface of the die casting 





TURBINE BLADES 

Forged by Ladish in Ti- 
tanium and Stainless 
Steel Alloys te with- 
stand tremendous pres- 
sures and temperatures 
without deformation. 


LANDING GEAR 


Outstanding example of Ladish 
heavy drop forgings: 8500 
pounds, 132 inches in length. 
Drop Forging saved material 
and machining cost for 5000 
pounds of Chromium-Nickel - 
Molybdenum alloy steel. 


TO MARK PROGRESS 


LADISH CO. 


WORLD'S LARGEST FORGING HAMMER CUDAHY (Milwaukee Suburb) WISCONSIN 
n м th LADISH PACIFIC DIVISION, LADISH CO., Los Angeles, California 


1? yt 
(ооа аа DROP FORGINGS UP TO 10,000 POUNDS, 


way steam drop hammer if h were available WELDED AND SEAMLESS ROLLED RINGS UP TO 60,000 POUNDS 


terbtow forging hammer, the 
st powerful know n the world, is e 


mated t e equivalent t КА" 


REGARDLESS OF SIZE, CONTOUR OR MATERIAL... YOU CAN 









DEPEND ON LADISH 


Ladish pioneering in tremendous closed-impression-die forgings offers engineers 
new freedom in extending the inherent advantages of the drop forging process to 
intricately shaped parts weighing as much as 10,000 pounds. Drop Forging close-to- 
finish dimensions materially reduce metal and machining costs... while improvement 
in dynamic strength and toughness makes possible substantial reductions in dead 
weight... and higher factors of safety. 


A discussion of your products with a Ladish forging engineer will provide spe- 
cific data on the ultimate economy and improvement in design you can impart to 
your own products by specifying forgings . . . Ladish Controlled Quality forgings. 


WITH CLOSED-IMPRESSION-DIE 10000 
DROP FORGINGS WEIGHING UP TO Ё (6$. 


; DIESEL CRANKSHAFT 
E 107-inch long Diesel engine 
crankshaft with 7-inch diameter 
journals and weighing 1772 


Е. pounds is another example of EXTRUDED LANDING GEAR 
TITANIUM PROPELLER BLADE * Ladish versatility in heavy drop Developed by Lodish as an extruded 


forgings. Precise control of беге 
a , J Р . ging to save valuable metal and 
Again Ladish pioneers with the largest known grain flow improves resistance machining time, this 44-inch long 


Titanium forging produced in closed-impression te dynamic bonding end torsion Р 
dies. 40% saving in weight realized by forging ’ rath - е strut has an extruded hole 36 inches 


this 00-inch blade in “wonder metal” Titanium. 3 long, and a forged wall thickness 
of 1/ inches 


>. 


WIND TUNNEL BLADE 


2550 pound stainless steel drop forging 
measures 70 inches in length. Used in 
€ wind tunnel to simulate flight speeds 
for jet aircraft. à 


LADISH FORGING ENGINEERS AVAILABLE FOR CONSULTATION 
ON USE OF FORGINGS TO IMPROVE PRODUCT DESIGN. 


LADISH CO We're interested...have Ladish Forging Engineer call 
Cudahy, Wisconsin to discuss application of forgings in our products. 


Address — — 





FOR COMPLETE SERVICE IN FORGINGS 





HELIARC 


TRADE-MARK 


CUTS ALUMINUM AT SPEEDS UP 


HELIARC cutting, a new process developed by LINDE, 
brings all the desired features of economical high-speed 


operations to the cutting of aluminum. 


* Speeds never before possible: Normal mechanized 
cutting speeds are 300 in. per min. in Min. material, 


125 in. per min. in ! 


in. material, 75 in. per min. in *&-in. 
material, and 50 in. per min. in l-in. plate. If desired, lower 


speeds can be obtained by simply adjusting the controls. 


* Straight lines, bevels, contours—no problem: The 
new HELIARC cutting process can be used mechanically o: 


manually. Both setups produce high-quality straight line 


utting 


TO 300 INCHES PER MINUTE 


cuts, bevels, circles, and shapes with revolutionary new 


speed and efficiency. 


HELIARC cutting employs a high-temperature, high- 
velocity, constricted arc between a tungsten electrode and 
the piece to be cut. The concentrated, columnated energy 
of the are stream melts and ejects a thin section of metal 
to form a kerf. The gas atmosphere (a combination of 


argon and hydrogen) prevents oxidation of the cut face. 


Learn the details of how HELiARC cutting can help you 
increase production and cut operating costs. Call vour 


LINDE Representative today. 


Linde Air Products Company 


A Division of Union Carbide and Carbon Corporation 


30 East 42nd Street 199 New York 17, N. Y. 


Offices in Other Principal Cities 
In Canada: LINDE AIR PRODUCTS COMPANY 


Division of Union Carbide Canada Limited, Toronto 


t*Heliarc" and “Linde” ore registered trade-marks of Union Corbide and Carbon Corporation 
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All welded base for multiple spindle 
bobbing machine. Photos courtesy The 
Lees Bradner Company, Cleveland, O. 


$ hen a 
product design 
can be simplified... 


4 
жұ? 


24 


č 


А25 greater 
Strength... higher 
rigidity... 


x 


ОТИ Cost of manufacture cut 10% 
by changing to welded construction 


Formerly a casting, this machine tool base has 


material... costs 
changed over to welded steel construction, accom- 
less їо prod uce Ead plishing several important benefits. 


These benefits are: 
1. Lower cost in fabricating and assembling 


2. Simpler construction, eliminating costly details like 


corner posts. 
3. Lower weight. 
4. Closer alignment of machine spindles 
5. More rigid design, incorporating integral coolant 
А reservoir. 


Benefits like these can be applied to many of your 
designs. Let Lincoln show you how. Write 


use anything 
but welded steel 


THE LINCOLN ELECTRIC COMPANY 


Dept. 1320 * Cleveland 17, Ohio 


Creating Lower Costs for Industry... 
With Welded Steel 
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OFFER SAVINGS- 
VERSATILITY and 
FREEDOM of DESIGN 


More and more channels are now open to manufacturers for the application 
of die cast parts in magnesium or aluminum. These tough, durable, and 
mechanically strong metals afford many advantages. In addition to their 
availability, production costs can be lowered and great savings in weight of 
products effected. By die casting with these new lightweight alloys, greater 
scope is offered to the engineer and designer for the development of ideas. 
The versatility of uses is partially indicated by the illustrations here of a few 
of the magnesium and aluminum die cast parts produced by LITEMETAL. 


WIRE SPOOL 


Close tolerances inherent in 
pressure die castings often 
completely eliminate and 
always minimize produc- 
tion machining operations. 
‘Aluminum and magnesium 
die casting alloys may be 
die cast to the same degree 
of accuracy because they 
have approximately the 
same casting temperatures 
and equivalent shrinkage 
on solidification. 


Comparatively simple dies 
can be used to die cast 
parts at lowest cost and 
great savings are effected 
in labor otherwise required 
for machining and finish- 
ing—(most of the holes are 
cored) — through this pre- 
cision method for produc- 
ing an immense variety of 
parts. 


While die castings are fre- 
quently used without any 
further finishing, they can, 
when appearance is impor- 
tant or desirable and addi- 
tion surface protection is 
necessary, be given a wide 
variety of surface finishes, 
including mechanical fin- 
ishes, chemical finishes, 
electrolytic coatings and or- 
ganic paint finishes. 


OFFICE MACHINE 
HOUSING 


AUTOMOBILE 


LITEMETAL DICAST, INC. is an organization of specialists—men thoroughly experienced — 


in the casting and machining of magnesium and aluminum alloys. Our equipment in- 
cludes big machines for big jobs—little machines for little jobs . . . the right sizes and 
types of the most modern die casting equipment for producing parts from the size of a 
button to large cable spools. Complete facilities for secondary operations are also 


available. 
Write today for literature and design information. 


O07 Quick action on inquiries. 
LITEMETAL DICAST 


A DIVISION OF HAYES INDUSTRIES 


WILDWOOD AVE. * JACKSON, MICHIGAN 


PLANT AND EXECUTIVE OFFICES 
LAWN MOWER GEAR 


O | E , 


И: | 
SPOOL 


WINDSHIELO WIPER 
HOUSING 


Inc. 


1921 


AIRCRAFT 
уте TEXTILE SPOOL 
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Let AMOS provide the answer- 


New applications of plastics become practical 
daily with continued improvement in materials, pro- 
duction equipment, molding and finishing techniques. 


HAVE YOUR PRODUCTS BEEN CURRENTLY SURVEYED 
by competent plastics engineers to determine if 
latest developments and techniques make applica- 
tions for you practical? 


Amos offers complete product development facili- 
ties... from the original art renderings to the fin- 
ished plastic part or assembly. 

Amos will be glad to review your product and tell 
you if plastics can serve. It’s the sure way to find out 
what plastics can do for you. Contact Amos today! 


AMOS MOLDED PLASTICS EDINBURG, INDIANA 
Offices: Chicago, Detroit, New York City, Philadelphia, Kansas City, Mo. 


CUSTOM 


і 
SES "ai RM mos 
—á ` 


INJECTION MOLDING & FINISHING 





If You Need Metal Enclosures ° Save Time and Tooling with 


LINDSAY PREFABRICATED ASSEMBLIES 


LS SAVES ON— 


DESIGNING 
| TOOLING 
| PROCUREMENT 
FABRICATION 
INVENTORY 
WAREHOUSING 
MAN POWER 


ONLY 4 BASIC PARTS 
YET APPLICATIONS FOR LS PANEL ARE UNLIMITED 


Your production of attractive metal enclosures can be reduced 
to a simple assembly operation with Lindsay Structure—the 
patented method of using pre-tensed sheet met: 1 panels in light 
structures of tremendous strength and rigidity. 


Lindsay prefabricated assemblies are tailored to your exact 
needs from die-formed standardized Lindsay Structure compo- 
nents...fabricated in 78,085 panel sizes... available in mild 
steel, stainless steel, copper, or aluminum...shipped k/d for 
quick assembly with standard tools—no welding or riveting 
required. LS shipments can be scheduled to keep pace with your 
production needs. Fast service on pilot units. 


Lindsay Structure has almost unlimited applications—cabinets, 
housings, refrigerator buildings, processing rooms, dryers, towers, 
bodies for trucks, trailers, buses, etc. 


Put this versatile prefabricated structure to work for you... 
simplify designing, save on dies and tooling, conserve skilled 
man power. Write for descriptive folder or send single line 
drawing for prompt cost estimate. 


LS CONSTRUCTION UTILIZES GREAT STRENGTH OF 
LIGHT SHEET METAL 


This 24-gauge, 36-inch wide sheet 
under uniform tension has greater 
tensile strength than a 1-inch rod. By 
a strong, continuous and equalized 
gripping of the entire sheet, the 
weaknesses of rivet holes and welds 
in thin sheet metal are eliminated 
...diagonal gussets and struts are 
made unnecessary. 


ر 


LINDSAY „ш... 
gs STRUCTURE 


oooh oe on U.S. Patents 2017629, 2263510, 2263511 
U.S. and Foreign Patents and Patents Pending 


Truck and Trailer Bodies 
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Making Electrical Connections Under Pressure 


by Andy Wyzenbeek, Chief Engineer 


Fusite Hermetic Terminals with new V-24 glass use the principles 
of both fusion and compression between the metal and glass to 
assure a rugged air tight electrical connection. 

Where great pressures are involved either internally or exter- 
nally the limiting factor is often solder or other method of sealing 
rather than the junction of materials on the terminal itself. 

The same is true of Fusite Terminals in applications subject 
to extreme vibrations, or mechanical or thermal shock. 

Where one or more of these conditions exist, Fusite threaded 
bushing terminals have proved themselves capable of withstanding 
great punishment. The threaded mechanical seal together with 
soft solder, suitable gasket or epoxy resin extends the capacity of Threaded Bushing Terminal 
the connection and brings it more nearly to the high limits engi- with Gasket 
neered into the Fusite Terminal itself. 

Each of the three illustrated terminals are available in five 
different electrode treatments and come with standard threads as 
shown. In addition, for extreme pressure conditions, these terminals 
are made with tapered pipe plug threads. 

We were gratified and a little bit alarmed by a letter of inquiry 
received recently from a new user of a Fusite pipe plug terminal. 

“Thank you for the samples of your terminal and drawings of 
1/8 pipe plug. We tested several of these units to 29,500 PSI at 212° 
and they did not fail. We are curious as to how much higher pres- 
sure they will stand." 

We had to plead ignorance as to maximum pressure possi- 
bilities, but if you would like to test them in your own application, 
samples are yours for the asking. 


Write FUSITE, Dept. P-4, 6026 Fernview Avenue, Cincinnati 13, Ohio 


104 TB Series 105 TB Series 
8-32 Thread 34," Hex Head 14 -28 Thread 4 " Hex Head 109 TB Series 
34-24 Thread 'A" Hex Head 


m PROTECT PRODUCT 
= —À me ур рн 
ES THE | ў CORPORATION 
PER EY Т ет Mone te RE 
$ 5 uv LR A 
qi E ee d gn i 


x "UAI 
x e. 


we 


6026 FERNVIEW AVE, CAL. 
? + UA» 
m TESS 

— з ёа 
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weldments 
as you want 
them... 


For half a century. Kirk & Blum 

skilled craftsmen have been saving time 

and money for outstanding manufacturers. 

Whatever the weldment required, these experienced 

artisans know the most efficient technique to do the 
job accurately and quickly. 


This know-how, plus modern Kirk & Blum equipment, 


assures high quality sheet steel and alloy fabrication. 


Fabrication of guards, tanks, machine bases . . . 
all types of semi-finished and finished weldments 
. are available from Kirk & Blum to your 

exact needs. 


Let K & B bring your drawings to life. 
Write for booklet, or send your prints 


for prompt quotation. 


THE KIRK & BLUM MFG. CO. 
3223 Forrer Street 
Cincinnati 9, Ohio 


KIRK. Blum 


SHEET & PLATE FABRICATION 
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R-B punches (A) and die buttons (B) are locked in standard 
or special retainers (C) which are mounted on the die 
shoes. A spring-loaded ball lock (D) produces positive 
radial alignment and vertical locking; no additional key- 
ing is necessary regardless of the size or shape of the 
punch. Up to 34" stock can be pierced. R-B punches and 
dies are easy to insert; push and twist and they're locked. 
They're easily removed, too. Retainer holes (E) provide 
for insertion of tanged tool which releases ball and allows 
instant removal. 


-am a aum I а эл» مس‎ ee E 


IN DIE CONSTRUCTION 


R-B punch and die retainers and special 


IN DIE DESIGNING 
R-B standardized retainers are avail- 
able in three shapes and many sizes, 
and where necessary, R-B special re- 
tainers can be supplied. You save “time 
on the board” because you are working 
with standardized equipment. 


retainers are quickly, easily and accu- 
rately mounted without special ma- 
chining. With them, you can save much 
of your skilled die-makers’ time. 

TOOL STANDARDIZATION IS THE BASI FOR EFI FNT 
WITH R-B YOU GET THE ACCEPTEI TANDAR 
ARD DESIGN FEATURE 


RICHARD BROTHERS PUNCH DIVISION 


ALLIED PRODUCTS CORPORATION 


DEPT. 63 . 26474 CAPITOL AVE . DETROIT 39, MICH 


THAT SAVE IN ENGINEERI! 


Please send me additional information. 


NAME 





COMPANY 


a 


_ аак ИАЛ STATE 


[ 
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IN DIE OPERATION 


HERES WHERE YOU REALLY 
SAVE. R-B punches and dies cut press 
down time for replacement to a mini- 
mum. They're instantly removed 
quickly changed — yet accurately aligned 
when locked. 


) A4 


\ leo Produced in 
OTHER ALLIED PLANTS 
SPECIAL COLD FORGED PARTS 


STANDARD CAP SCREWS 


PRECISION GROUND PARTS 


SHEET METAL DIES 
MADE OF FERROUS ALLOYS, 
ZINC ALLOYS OR PLASTICS 





BOSSE RT = a dependable source for 


METAL STAMPINGS 


and welded or 


Large, heavy parts... 


Send us your prints 
for a quotation... 


Bossert design assistance in 
the initial stages of product 
development often results in 
a completely new approach 
to production and assembly 

. with substantial savings. 
Ovr engineering and produc- 
tion experience are at your 
service. 


oa 


fabricated assemblies 


Medium-size parts... 


In our modern plant we have complete facilities for producing all types of stampings in any 
metal or special alloy. We are particularly equipped to assist you in the development of 
welded assemblies and fabricated components which can often be designed to reduce 
weight, cut tooling expense and add strength and beauty to your product. Your work can 
be carried to any stage of completion with our precision equipment for machining, grind- 
ing, welding, plating, annealing and painting either parts or complete assemblies. Bossert, 
too, has reliable sources for critically short raw materials, and our customers often benefit 
by a saving in cost. 


DIVISION 


ROCKWELL SPRING AND AXLE COMPANY 
1007 Oswego Street . Utica, New York 
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The 50-ton weldment above is one of fifty-five identical Press Beds 
produced for one manufacturer of heavy presses. This piece, and 
the parts and assemblies illustrated at the left, are typical of thou- 
sands of Steel- Weld Fabricated units produced and machined by 
Mahon for manufacturers of processing machinery, machine tools, 
and other types of heavy mechanical equipment. Are you taking 
full advantage of the possibilities offered by welded steel compo- 
nents in your products? In the design of almost any type of heavy 
machinery there are pieces and sub-assemblies that can be pro- 
duced more satisfactorily and more economically in welded steel 
—and with the additional advantages of less weight, greater 
rigidity and predictability. When you consider weldments, think of 
Mahon . . . because, you will find the Mahon organization a unique 
source for welded steel in any form ... a source with complete 
facilities for design engineering, fabricating, machining and assem- 
bling . . . a source where design skill and advanced fabricating 
techniques are supplemented by craftsmanship which assures you 
a finer appearing product embodying every advantage of Steel- 
Weld Fabrication. See Sweet's Product Design File for information, 
or, better still, have a Mahon sales engineer call at your convenience. 


THE R.C. MAHON COMPANY «© Detroit 34, Michigan 


Sales-Engineering Offices in Detroit, New York and Chicago 


Engineers and Fabricators of Steel in Any Form for Any Purpose 


TS 
TUR 
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CUSTOM-MADE 
HOT EXTRUDED 
COLD DRAWN 
НДЕ 


...boost production, cut over-all costs 


AT YOUR SERVICE Progressive industry is today utilizing J&L's Custom-Made, Hot 
J&L Extruded Cold Drawn Steel Sections to: 
EXTRUDED SECTIONS 


1. Eliminate time and costs in machining and finishing operations 


WRITE TODAY for your copy of this free ... teller made 2. Reduce scrap losses practically to the zero point 


(ROT EXTRUDED AND CAD RAW: 


new booklet which gives detailed infor- to your specifications 


mation about the many money- and time- - ge 3. Eliminate the cost of castings and forgings of intricate sections re- 


saving advantages J&L Extruded Sections X | quiring considerable machining 


“ М 
ЕР н | 4. Reduce inventories due to quick availability of extruded sections 
from the J&L plant 


your 


-— = 
4 
белый бойы фий ES J These sections can be extruded and cold drawn to the exact speci- 
3 Gateway Center, Dept. 409 Г fications of the parts you require—in any quantity you specify. Even 
Pittsburgh 30, Pa X. the production of a single extrusion can be economical. Obtainable 
-————— ee | in à wide range of material grades, J&L Extruded Sections can be 
JL X produced in a large variety of shape profiles—within limits of a design 
va ~ which can be inscribed within a two-inch circle. Many shapes that 

cannot be hot rolled are practical for the extrusion process. 

The mechanical properties of J&L Extruded Sections are equal to 
or superior to those obtainable from equivalent grades conventionally 
cold drawn. Cold drawn tolerances are accurately maintained. The 
excellent surfaces of these Extruded Sections require little—if any— 
finishing operations. 

Send us your inquiry for prompt and efficient J&L service. 


Jones & Laughlin 


STEEL CORPORATION: PITTSBURGH 


on Extruded Sections 


Product Design Digest Issue 





Parts Like These. 


..at Big Savings 


By FLO-FORM 


`~ 


A ^ J ( 
J, A hij 


Yes 


v 
ARTS provuceo ® 
Pr 


How can FLO-FORM*® parts save you money? 
Simple! By forming the part, hot or cold, out of bar 
or wire with practically no waste of costly metal. 


Harper engineers have been specializing in 
parts of corrosion-resistant metals since the com- 
pany was founded. With this background of ex- 
perience they have been able to show manufac- 
turers new tricks in producing parts of non-fer. 
rous metal and stainless steel that have resulted 
in improved quality... reduced costs. 


THE H. M. HARPER COMPANY - 


8203 LEHIGH AVENUE * 


A new book containing examples of how other 
manufacturers have cut costs and other valuable 
information is now on the press. Reserve your 
copy by mailing the coupon. 


BY THE WAY 
If you use bolts, nuts, screws, washers, rivets of 
brass, bronze, Monel, aluminum or stainless steel, 
you probably know Harper’s leadership in this 
field. Over 7000 different items are available from 
stock. Phone your Harper Branch or Distributor 


MORTON GROVE, ILL. 


WOULD YOU LIKE A COPY OF THIS NEW BOOK? 
Mail the coupon 


"Trade-Mark 


The H. M. Harper Company 


HARPER 


8203 Lehigh Ave 
Morton Grove, lli 


Please send me the book checked below: 


OO Harper FLO-FORM Book 


O Harper Catalog of Standard Fastenings 


Name...... 


Company. 


iddress.. 


Eve lailing Paslenengs City 
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You get extra 


WEAR RESISTANC 


Trode-Mork 


Flame-Plating — a remarkable detonation process 
—is now being used to coat metal parts with a thin 
coating of tungsten carbide or aluminum oxide. 
Results from experience with parts in actual use 
show that Flame-Plating solves many problems of 
wear, abrasion, and fretting corrosion. 

The temperature of the part being coated seldom 
exceeds 400-deg. F. Precision parts can therefore 
be Flame-Plated without risk of changes in their 
metallurgical properties or physical dimensions. 
Practically all metals can be Flame-Plated—stecl, 
copper, aluminum, magnesium, molybdenum, ti- 
tanium. Coatings of tungsten carbide and alumi- 


The Flame-Plating gun consists mainly of a 
barrel and a mechanism for loading precise 
amounts of powder and gases into a firing 
chamber. The powder remains suspended in 
the explosive gases until a spark ignites 

the mixture, producing heat and pressure waves 
of tremendous force. The molten particles are 
hurled with supersonic velocity against the 
workpiece where they fuse and build up until 
the desired thickness is obtained. 


thicknesses 
from .002 to .010 inch, and finished to 0.5 micro- 


num oxide can be Flame-Plated in 


inches rms. 

Flame-Plating applications have been proved in 
service. Parts for aircraft and rocket power plants, 
hydraulic systems, and heating units, as well as 
various types of plug and ring gages, bearings and 
seals, and dies have had their useful lives consider- 
ably extended—economically—by Flame-Plating. 

Find out how Flame-Plating can help to improve 
your own product. Request a copy of the free book- 
let, “Flame-Plating,” F8065. Address “Flame- 
Plating, Department PDA-10.” 


The term "Linde" is a trade-mark, and FLP is a service-mark 


of Union Carbide and Carbon Corporation. 


LINDE AIR PRODUCTS COMPANY 


A Division of Union Carbide and Carbon Corporation Flame-Plating 
30 East 42nd Street Maa New York 17, New York . - ende 


In Canada: Linde Air Products Company, Division of Union Carbide Canada Limited, Toronto 
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TUBING AIDS by 
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HEATING ELEMENTS — 
Fusionweld thin-wall tubing 
is widely used by manu- 
facturers of electrical 
appliances containing low 
temperature calrod heat- 
ing elements, such as elec- 
tric irons, cookers, fryers, 
hot water heaters, etc. 


GAS SPACE and WATER 
HEATER TUBES—Several new 
developments by Fusionweld 
have cut costs by eliminating 
expensive brass fittings and 
non-ferrous tubing or pipe from 
thermostats to burners, replac- 
ing with low cost inverted flare 
nuts and one piece steel fittings 
brazed or spot welded to Avon 
steel tubing, 


OIL SPACE and WATER 
HEATER TUBES — 
Fussionweld thin - wall 
tubing provide manu- 
facturers of this and 
similar equipment with 
smart economies by replacing 
non-ferrous tubing and fittings 
with special steel fittings com- 
bined with Fusion 
weld steel tubing. 
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OIL LEVEL INDICATOR TUBES 
—Avon's low cost, high pro- 
duction fabrication and form- 
ing of steel tubing with new 
spot welding technique іп 
attaching brackets, clips or 
fittings to Fusionweld thin-wall 
tubing has been widely 
adopted by most motor car 
manufacturers. 


-i ————— 


ENGINE OIL FILTER TUBES 
— For both internal and exter- 
nal use with brozed fittings 
attached. Fusionweld tubing 
can be beaded,swaged and 
sheared to meet specifications 
of motor car, truck and tractor 
manufacturers. 


[a а 


CHASSIS FUEL LINES— 
Avon furnishes millions of 
feet yearly of Fusionweld 
steel tubing to car manu- 
facturers for fuel lines 
{from gas tanks to fuel 
pumps, to carburetors). 
These cre completely fab- 
ricated on automatic bend- 
ing machines to provide 
important economies and 
lower assembly costs. 


TUBULAR PUSH RODS—A current 
automotive development replac- 
ing solid steel push rods with 
Fusionweld steel tubing. These 
have swaged ends or hardened 
steel inserts (spot welded) in tub- 
ing ends. A high degree of con- 
centricity is maintained with max- 
imum run-out held to .020. 


MISCELLANEOUS APPLICATIONS 
—Fusionweld thin-wall tubing is 
extensively used by toy manu- 
facturers, um- 

brella and TV 

antenna makers, 

also for electric 

light fixtures, tubu- 

lar furniture, etc. 

Fusionweld offers a 

tough, light weight, 

extremely ductile, low 

cost steel tubing eas- 

ily formed for most 
requirement s, 


Our latest tubing catalog 

mailed on request. Let vs quote 

on random or cut to length sizes— Yi. 
O.D. to *4. O.D.—plain or terne 
coated —2or fabricated and formed 
to blueprint specifications. 


TUBE DIVISION 


HIGBIE MANUFACTURING CO. 
ROCHESTER* MICHIGAN 





SECTIONAL — Simplest 
weove, for light loods 
where low initial cost is 


desired 


BALANCED — High tensile 
strength, low ultimate cost 
belting for operation up to 
1300°F. Resists distortion, 
designed for straight travel 


be 


ROD-REINFORCED — 
Highest tensile strength 
ond low thermal capacity 
И is recommended for 
high temperatures pt 

F. Undergoes mini 
mum elongation and width 
contraction. 


T 


i 

DUPLEX — Compoct struc 
ture of great density pro 
vides high tensile strength 
The close 
smooth surface for carry 
ing small ports and plastic 


mesh provides 


materials. 


'8' 848 87 487 81 41 4E" 


GRATEX—Close spirals 
retain the advantages of 
Balanced weave 
adding strength. For cold 
medium and some high 
temperature applications 


v A 49 2 
Ау е V 
CAT A A 
DOUBLE BALANCED— 
А widely used weave com 
bining open mesh of Bol 
anced weave with the 
strength of Grotex. For 


cold, medium, some high 
temperature applications 


while 


MULTI -STRAND 


CORDUROY 


INTERWOVEN 
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How to select 


WOVEN WIRE 
CONVEYOR BELTS 


for Continuous Processing 


As you know, woven wire conveyor belts are 
widely used for combining movement with processing 
in many continuous operations--heat treating metal 
parts; washing, blanching and freezing food prod- 
ucts; annealing and decorating glassware; washing 
and curing chemicals and plastics. 


However, there is no single type of belt construc- 
tion suitable for all processes. Some require a smooth 
belt surface, some exceptional strength, others high 
corrosion resistance. That’s why Cambridge has nine 
basic weaves available. Each is shown here with the 
important characteristics of the six most frequently 
used. The last three are special-purpose weaves for 
installations requiring exceptionally smooth surface 
and dense mesh for very small parts. 


There are several factors that generally influence 
selection of weave, mesh size and metal or alloy from 
which the belt will be woven. Among them are: size, 
weight and shape of product to be handled; tempera- 
tures to which belt will be subjected; presence of wet 
or corrosive conditions. Even after these have been 
decided, overall belt construction must be designed 
to meet individual requirements —type of drive, sel- 
vage, support and special surface attachments must 
be selected. 


You can see, then, that designing for continuous 
processing with woven wire conveyor belts is not a 
simple "nuts and bolts" job. Ramifications build up 
rapidly to demand the service of a specialist. That's 
why Cambridge maintains a staff of competent Field 
Engineers to help you select the Woven Wire Con- 
veyor Belt to make your installation most efficient. 
You can rely on the experience of these engineers to 
specify just the right belt for you. In addition, they 
are thoroughly familiar with basic conveyor design. 
For the name of your nearest Cambridge Field 
Engineer, look under “Belting, Mechanical” in your 
classified telephone book. Or, write direct. Also ask 
for 130-page Reference Manual of specifications and 


design information. 


THE CAMBRIDGE WIRE CLOTH COMPANY, 
DEPT. P, CAMBRIDGE 10, MARYLAND. 


| 
| 
| 
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Catalogs 


an 
Bulletins 


To obtain copies of literature 
described below, circle corre- 
sponding number on coupon 
at end of this section. 


(P-1) STAMPINGS IN SMALL LOTS— 
Form 151, 23 pp, discusses design of 
metal stampings and describes tooling 
and production requirements, equip- 
ment and practice. Dayton Rogers Mfg 
Co., 2824 13 Ave. S., Minneapolis 
Minn 


(P-2) BERYLLIUM COPPER COMPO- 
NENTS—Catalog, 8 pp, gives dimen- 
sions, tolerances, and specifications. 
Technical data about custom-made 
stampings is also included, together 
with handy tables, charts, and line 
drawings. H. Braun Tool & Instrument 
Co., Inc., 140 5 Ave., Hawthorne, N. J. 


(P-3) METALWORKING— Booklet, 20 
pp, describes production techniques, 
involving expanding, shrinking, rolling 
of metals. Includes step-by-step draw- 
ings and a typical sequence. Grotnes 
Machine Works, 5454 N. Wolcott 
Ave., Chicago 40, Ill. 


(P-4) SHELL-MOLDED CASTINGS — 
Brochure 205, 12 pp, provides tables 
of available alloys and their composi- 
tions. Electric Steel Foundry Co., 2141 
N. W. 25 Ave., Portland, Ore. 


(P-5) ALUMINUM MILL PRODUCTS 
—Booklet, 24 pp, offers data on alu- 
minum alloys, forms, mechanical and 
physical properties, applications, fabri- 
cating and finishing techniques and 
availability. Kaiser Aluminum & 
Chemical Sales, Inc., 1924 Broadway, 
Oakland 12, Calif. 


(P-6) INVESTMENT CASTING—Book- 
let, 24 pp, discusses castability and its 
effect on alloy selection for the invest- 
ment casting process. Engineered Pre- 
cision Casting Co., Box 68, Matawan, 


| N.J. 
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GET RODS, TUBES 
AND EXTRUDED SHAPES 
IN BRONZE FOUNDRY ALLOYS 


Many of the commonly used foundry bronzes are now being con- 
tinuously cast in rods, tubes and “extruded shapes” in lengths up 
to 12 feet and in diameters up to 9 inches. 

A wide variety of shapes and forms never before available in 
bronze makes it possible to adapt these useful alloys for applica- 
tions where casting and machining costs have previously been pro- 
hibitive. Shop costs are reduced by using cast rods, tubes and shapes 
to replace individual castings. Asarco continuous-cast bronzes are 
ideally suited for machining on automatic screw machines and 
other high-speed modern equipment. 

Practically all of the standard tin-bronze alloys, including lead, 
zinc and nickel-bearing varieties, are being continuously cast to size. 
They have consistently better uniformity and machinability for 
faster work and longer tool life. Physical properties are improved as 
much as 100 percent over similar alloys cast by other methods. 

Get in touch with your nearby Asarco distributor, or write to 
us directly for complete information on Continuous-cast Bronze. 


Continuous-Cast Products Department 


AMERICAN SMELTING AND REFINING COMPANY 


Perth Amboy Plant, Barber, New Jersey * Whiting, Indiana 
WEST COAST SALES AGENT: Kingwell Bros. Ltd., 457 Minna Street, San Francisco 
IN CANADA: Federated Metals Canada, Ltd., Toronto and Montreal 
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IMMEDIATE 
DELIVERY 
from stocks 
et FACTORY 
AND: 


FOLLOWING: 


TOGGLE CLAMPS 
37 TYPES AND SIZES 


ENGINEERED TO MEET 
ALL workholding needs, light, 
medium and heavy duty. 


NEW—TOGGLE PLIERS 
with QUICK TRIGGER 
RELEASE, 


FIXTURE CLAMPS 

16 Styles— 159 Sizes 
Adopted as standard by many 
leading manufacturers—there 
isa WESPO clamp for every job. 


NEW —SWINGLOCK — ONE 
HAND releases or locks — accu- 
rately repositioning strap 
fastest hand - operated fixture 
clamp. 


COMPONENTS 
OVER 1000 TYPES and SIZES 


invaluable for economical 
fixture designing. 


Write for Catalog. 


TEMPLATE SHEETS 
AVAILABLE. 


ATLANTA, Ga 

BALTIMORE, Md 
BLOOMFIELD, N. J 

BUFFALO, N. Y 

CAMDEN, N. J 

CHICAGO 44, 111 f t 
CLEVELAND HEIGHTS Ohio T 
DALLAS, Texos t 
DAYTON, Ohio 

GLENDALE, Calif 
INDIANAPOLIS, Ind 

KANSAS CITY 6, Mo 
LIVERPOCL, N. Y 

MILWAUKEE, Wis 
MINNEAPOLIS, Minn 

NORTH HAVEN, Conn 
PITTSBURGH, Pa 
PROVIDENCE, В. | 
ROCHESTER, N. Y.—* 

SAN FRANCISCO 3, Calif. Jos 
SEATTLE 4, Wosh.—H. f der ng í 
TOLEDO 7, Ohio— Midwest Die f 
TUCSON, ‘Ariz ndustric | Tool $ ру 
WICHITA 2, Kansas ımminas ( 
WINSTON-SALEM, м С. V 


1 F rnv CX ^V 
120$ Euclid Ave 


nsto n De sign $ sales Co., 


Zizendorf Hotel 


Rp Werben n 


© 


SMALE TOE 


Catalogs and Bulletins continued 


(P-7) MAGNETIC CHUCKS—Catalog 
412, 20 pp, covers standard lines of 
rectangular magnetic chucks, rotary 
magnetic chucks, sine angle magnetic 
chucks, and magnetic work drivers. 
Taft-Pierce Mfg. Co., Woonsocket, R. I 


(P-8) ROLL-FORMED SHAPES—Cata 
log 1555, 26 pp. Processes shown in 
clude the notching, punching and cut- 
ting to length of special shapes in one 
continuous operation. Also contains 
drawings and dimensions of more than 
100 simple and complex shapes, tub- 
ing angles and channels. Roll Formed 
Products Co., 3760 Oakwood Ave., 
Youngstown, Ohio. 


(P-9) CONTINUOUS-CAST BEARING 
BRONZES— Bulletin 301, 6 pp, brings 
together in tabular form all stock sizes 
and weights of solid and hollow bronze 
bars from 14 to 9 in. American Smelt- 
ing and Refining Co., Barber Station, 
Perth Amboy, N. J 


(P-10) ALUMINUM HAND FORGINGS 
—Folder, 6 pp, tabulates tensile and 
yield strengths and elongation per- 
centages of hand forgings made from 
aluminum alloys 2014-T6 and 7075-T5 
in various sizes up to 2000 lb in 
weight. Kaiser Aluminum & Chemical 
Sales, Inc, 1924 Broadway, Oakland, 
Calif. 


(P-11) ALUMINUM PRODUCTS—Book- 
let, 8 pp, describes extruded shapes, 
structurals, machining stock, drawn 
tube, forging stock, press forgings, im- 
pact extrusions, screw machine prod- 
ucts, heavy press extrusions. Harvey 
Aluminum, 19200 S. Western Ave., 
Torrance, Calif. 


(P-12) WELDING FITTINGS — Folder 
FB-500, 6 pp, tells types and size 
ranges of various seamless welding fit- 
tings and flanges which can be fur- 
nished. Babcock & Wilcox Co., Beaver 
Falls, Pa. 


(P-13) FORGINGS—Booklet 8 pp, 
brief history of forging practice en- 
titled “What Is a Forging?” describes 
how the forging idea originated and 
grew, how forgings are made. Drop 
Forging Assn., 419 S. Walnut St, 
Lansing 33, Mich. 


(P-14) HARD-SURFACING — Data 
sheets describe line of hard surfacing 
alloy-filled tubes. Coast Metals, Inc., 
Little Ferry, N. J. 
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NEW PRODUCTS 
CORPORATION. 


Where Planned Pioneering results in better 


products for virtually all industry. 


NEC Die Castings 


Aluminum * Zinc ° Magnesium 





Integrity, Quality and Service are the foundation of 
NPC character. The people of New Products Cor- 
poration have concentrated on quality since 1922. 
Constantly checking, from molten metal to finished 
product, skilled NPC craftsmen continue to seek a 
better way to produce better products for industry in 
all product lines, Careful attention to every factor in 
good die casting design assures you that if it can be 
made better, NPC will make it better. 


LI 





- > E = = 
-Making Facilities 
[] LQ i 
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15 Factors in Good Die Casting Design 


Y. Select proper alloy. 10. Consider inserts of different metals 

2. Use uniform wall thicknesses. as port of casting. 

3. Use fillets and radii at corners. 11. Cast on studs or rivets for assembly 

4. Round ovt side corners. Я purposes. 

5. Allow maximum draft practical. 12. Use bosses and ribs where applicable 

6. Use close tolerance only where neces- to simplify, strengthen and/or lighter 
sary. : _ castings. ш 

7. Consider ease of die and corepull part. 13. Avoid large perfectly flat surfaces. 
ing. 

8. Avoid undercuts (if possible) to sim- 14. Determine finish desired for die cast. 
plify die construction, ing. 

9. Avoid coring very small holes unless 15. Specify part numbers, trademarks, in- 
necessary. struction plates for die costing. 





Write today for your copy of 
4,7 "A Guide To Die Casting De- i. 

sign," eight pages of valuable á h 

illustrated tables and data. _ / 





NORTH SHORE DR. èe BENTON HARBOR 1, MICH. 


New PrRopvpucts CorPORATION n 


no need fo over-tax your production facilities 


Complex assemblies such as this Y-4 bomb- 
sight used in B-47 Stratojets are taken in 
stride at General Mills. This precision in- 
strument has 3,433 parts, nearly 2,000 of 
them in this head-end assembly alone. 


get precision production help 
in volume and on time 


The critical shortage of competent technical men needn’t handi- 
cap your operation. Right now our creative engineers and 
precision manufacturing facilities are at your service for sub- 
assemblies or complete units of: 


@ precision electro-mechanical systems 
e fine-pitch, instrument-type gear assemblies 
e precision metal cutting, grinding, finishing 
e industrial or military optical assemblies 


We can save you time, cut costs, eliminate scores of irksome 
production problems. Naturally you have the service of our 
full laboratory and environmental testing facilities. 


Send for this Fact-Packed New Booklet — It describes 
and pictures our facilities, shows our products, names 
our customers. Write Mechanical Division, Dept. 
DH6, 1620 Central Ave., Minneapolis 13, Minn. 


MECHANICAL DIVISION 
or General Mills 


Catalogs and Bulletins continued 


(P-15) ALUMINUM EXTRUSIONS — 
Booklet, 24 pp, gives detailed informa- 
tion on two new 8,000 ton presses at 
the company’s Halethrope, Md., heavy 
press plant: how they operate, their 
manufacturing capacities, as well as 
extrusion design suggestions. Kaiser 
Aluminum & Chemical Sales, Inc. 
1924 Broadway, Oakland 12, Calif 


(P-16) METALLIZING— Bulletin 120, 
© pp, illustrates and describes applica- 
tions of metallizing in the production 
of electrical and electronic equipment 
Also provides engineering data on 
bond strength, conductivity character- 
istics, permissible coating thicknesses, 
circuit tests, surface preparation and 
spraying methods. Metallizing Engi- 
neering Co., Inc., 1101 Prospect Ave., 


Westbury, N. Y 


(P-17) STEEL TUBING Catalog, 8 
pp. describes four major classifications 
of carbon and alloy steel tubing: me 
chanical, pressure, airframe, and air- 
craft mechanical. Ohio Seamless Tube 
Div. Copperweld Steel Co, Shelby, 
Ohio 


(P-18) ALUMINUM PIPE — Booklet, 
18 pp, presents characteristics and ad- 
vantages for each of major fields of 
application. Specifications are provided, 
along with a description of appropri- 
ate fittings and methods of installation 
Aluminum Co. of America, 770 Alcoa 
Bldg., Pittsburgh 19, Pa 


(P-19) TUBING AND FITTINGS—Bul- 
letin SF-155, 4 pp, describes design, 
use and installation of fittings and 
tubing fabricated from zinc-impreg- 
nated or standard steel stock. U. $ 
Hoffman Machinery Corp., 105 Fourth 
Ave., New York 3, N. Y 


(P-20) FORGINGS, DRAFTING STAND- 
ARD—Copies of manual of proposed 
drafting standard for forging is avail- 
able for those interested in criticizing 
and commenting. American Society of 
Mechanical Engineers, 29 W. 39 St., 
New York 18, N. Y 


(P-21) SHAPED TUBING—Data sheets 
17, 3 pp, gives information on analyses 
available (stainless, carbon, nickel and 
nickel alloys, glass sealing alloys, ti- 
tanium, and beryllium copper), tool 
charges, size range, commercial toler- 
ances, lengths, temper. Superior Tube 
Co., 1556 Germantown Ave., Norris- 
town, Pa 
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TANGLED UP 


BY A 


TUBING PROBLEM? 


Rochester can straighten you out! Whether 
your problem is design, planning. quality 
control or delivery, Rochester engineers 
and tubing specialists are ready to wade in. 
And they'll come up with ways to cut 
costs, **beef up" your profits. What's more, 
you're assured of top-quality steel tubing, 
delivered right on schedule. GM Steel 
Tubing is rugged, reliable, flexible, ver- 
satile—designed to take it and take any 
shape. That's why you find it on more 
advanced products every day. Contact your 
Rochester Products engineer or write us 
direct for further information. 


ROCHESTER 


PRODUCTS 
DIVISION OF 
GENERAL MOTORS 


CORPORATION 


ROCHESTER N.Y. 
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Thompson Light Metal Castings and Impact Extrusions 
Serve All Industry 


HE machinist turning out pro- 

duction parts and the pilot fly- 
ing the speedy jet fighter have one 
thing in common—both can count 
on Thompson. The factory worker's 
machine and the pilot's jet engine 
are each improved by precision- 
engineered castings produced by 
Thompson's versatile Light Metals 
Division. 

In the case of the fighter, it's 
any one of several parts including 
the alternator housing or an air 
connector used for cooling elec- 
tric generators that’s produced by 
Thompson—with the factory ma- 
chine, one of the parts manufac- 
tured by Thompson is the casting 
for the fluid clutch. 

These are but two of the many 
light, strong, durable castings de- 
signed, developed and manufac- 
tured by Thompson for a diversi- 
fied list of customer uses. Today 
Thompson is producing light 
metal castings for such products 
as buses and garbage disposers; 
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washing machines and jet planes; 
automobiles and industrial en- 
gines; ice scoops and aircraft 
engines. 

Regardless of your product, if 
you use castings or impact extru- 
sions, Thompson's creative engi- 
neers will gladly show you where 
and how you can simplify your 
operations and save on costs with 
Thompson Light Metals Castings. 


We want to quote on your plans 
and specifications. Write, wire 
or phone Dept. PE-7, Light 
Metals Division, Thompson 
Products, Inc., 2269 Ashland 
Road, Cleveland 3, Ohio, HEn- 
derson 1-6765. 


You can count on 


LIGHT METALS DIVISION 
2269 Ashland Rd. * Cleveland 3, Ohio 





Catalogs and Bulletins continued 


(P-22) TUBE FrrTINGS—Charts show 
variation of load at yield of Type 304 
stainless steel tubing when held by 
tube fittings made by this manufac- 


turer. Crawford Fitting Co., Cleveland 
10, Ohio. 


(P-23) STAINLESS TUBING AND TU- 
BULAR PARTS — Catalog, 8 pp, de- 
scribes cold drawn mechanical, capil- 
lary and hypodermic tubing from 
0.008" to 1.000 in. OD; nickel and 
nickel alloy tubing and tubular fabri- 
cated parts. Data is given on compara- 
tive analysis of alloy types, specifica- 
tions, standard tolerances and physical 
properties and relative workability. 
J. Bishop & Co., Malvern, Pa. 


(P-24) METAL SPINNING—Data Book 
3, 38 pp, describes process, equipment, 
applicability, materials, design accom- 
mendations. Spincraft, Inc., 4122 W. 
State St., Milwaukee 8, Wis. 


(P-25) ARc-CAST MOLYBDENUM — 
Booklet, 72 pp. A compilation of all 
available technical and fabricating data 
on arc-cast molybdenum. Climax Mo- 
lybdenum Co., 500 Fifth Ave., New 
York 36, N. Y. 


(P-26) INVESTMENT CASTING—Book- 
let, 11 pp, tells in pictures and text 
steps involved in investment casting. 
Includes recent table of properties. 
Austenal Laboratories, Inc., 224 E. 39 


St, New York, N. Y. 


(P-27) HEAT TRANSFER EQUIPMENT 
—Bulletin 850, 4 pp, contains engi- 
neering data and general application 
information on a heat-transferring sur- 
face configuration. Bush Mfg. Co., W 
Hartford, Conn. 


(P-28) CoLD FORMING—Data sheets. 
These are first two of a series of design 
information publications giving basic 
data about the fundamental principles 
and advantages of the cold-forming 
process of producing small parts and 
fastenings. Townsend Co., New Brigh- 
ton, Pa. 


(P-29) PERMANENT MOLD CASTINGS 
—Folder, 4 pp, describes advantages 
and qualities of non-ferrous permanent 
mold castings. Chart presents technical 
and metallurgical data covering non- 
ferrous alloys presently cast. Buckeye 
Brass & Mfg. Co., 671 N. Main St., 
Mansfield, Ohio 
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WOOF SERVICE 
TO INDUSIRY 


„эъ А А > 


The job that raced 
the clock— and won! 


This die casting couldn't wait. To meet a tight sched- 
ule, it had to be produced in volume — fast! 

It was a “toughie,” but Stewart’s engineers found 
a way. The job was delivered on time .. . with a top 
quality score, too! 

If you’re faced with a "rush" deadline—or with a 
die casting problem, call Stewart. Be assured your 
most rigid specifications will be met—on schedule! 





ROLLE COMBINES SHELL 


AND PERMANENT MOLD 


FOR AIRCRAFT DIFFUSER 


The problem was finding the one best method for casting this aluminum 
aircraft diffuser. A method that would meet a// requirements . . . pro- 
viding the utmost in economy as well as fine surface finish and high 
dimensional accuracy in the critical vane areas. 

Rolle foundry engineers carefully studied the part then recom- 
mended semi-permanent mold casting, with a shell core for the vane area. 


Using this method, vane thickness is held to within .008" among vanes. 
Surface finish measures from 60 to 100 micro-inches as compared to 125 
to 150 standard with permanent mold alone. Wall thickness is held to 
within .015". And this better casting actually costs less than it would by 
any other casting method. 


Your casting problems, whether they in- 
volve sand, permanent mold, shell mold, 
or investment casting, of aluminum or 
magnesium—can always be solved quickly 
and economically if you bring them to 
Rolle. 


FREE 57-Page ENGINEERING MAN- 
UAL on designing aluminum and mag- 
nesium castings available on letterhead 
request. Write now for your personal copy. 


MANUFACTURING COMPANY 
Lansdale 5162 


cast aluminum 
Alloy 35* 
Temper T51 

Weight 7 pounds 

Zyglo and X-ray inspectior 


to rigid aircraft s 


311 Cannon Avenue, Lansdale, Pa. 
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Catalogs and Bulletins continued 


(P-30) Wire CLorH—Catalog 55, 15 
pp, lists various kinds of industrial 
wire cloth in rolls and fabricated parts. 
Information includes fabrication serv- 
ices, types of weaves, metals used, 
weights, market grades, wire gages and 
tables and charts of mesh sizes. Pequot 
Wire Cloth Co., 35 Hoyt St., Norwalk, 


Conn. 


(P-31) WROUGHT IRON P1PE—Book- 
let, 8 pp, compares wrought iron and 
other types of pipe in terms of initial 
purchase cost, cost of installation and 
cost of maintenance. A. M. Byers Co., 
Clark Bldg., Pittsburgh 22, Pa. 


(P-32) Dip COATING — Instruction 
Bulletin 1, 2 pp, gives temperatures 
and heating periods for sample applica- 
tions of vinyl coating. Chemical Prod- 
ucts Corp., King Philip Road, East 
Providence, R. I 


(P-33) STAINLESS STEEL WELD DE- 
posits—Data Card 178, 1 p, gives 
the stress rupture properties of chro- 
mium-nickel stainless steel weld de- 
posits. Babcock & Wilcox, Beaver Falls, 


Pa. 


(P-34) Diz CASTINGS—Engineering 
Guide, 15 pp, contains American Die 
Casting Institute standard specifica- 
tions, tolerance tables and physical 
properties of die casting alloys. Parker 
White Metal Co, 2150 McKinley 
Ave., Erie, Pa. 


(P-35) HYDRAULIC QUALITY STEEL 
TUBING—Bulletin 39, 6 pp, gives com- 
parison of four specifications which 
have been used for pressure applica- 
tions: SAE, JIC, AMS 5050 E, and 
ASTM-A-179. Specifications for this 
company’s SAE hydraulic tubing are 
also given in the table. Superior Tube 
Co., 1556 Germantown Ave., Norris 
town, Pa. 


(P-36) ALLOY TUBING AND PIPE— 
Bulletin, 4 pp, describes tubing and 
pipe of a nickel-molybdenum alloy and 
a nickel-molybdenum-chromium alloy 
Carpenter Steel Co., Union, N. J. 


(P-37) | PERMANENT MAGNETIC 
EQUIPMENT—Brochure B-207, 6 pp, 
describes line of magnetic equipment 
designed primarily for conveying and 
controlling steel and separating, re- 
trieving and purifying ferrous mate- 
rials for the metalworking industry. 
Eriez Mfg. Co., Erie, Pa. 
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get this informative booklet, free! 


When you consider a change in your product, you 
expect that change to make money for you or to 


save money for you. 


It's quite possible that Standard Steel forged 
weldless rings and flanges will do both, 

They improve your product, thus making your 
sales task a little easier, and they cut your manu- 
facturing costs. In many cases, first cost may be less 
than the component you now use, and invariably 


machining time is less. 


STANDARD STEEL WORKS DIVISION 
BALDWIN-LIMA-HAMILTON 


IIVISIONS: Austin-Western * Eddystone * Hamilton 
* Electronics & Instrumentation * Lima * Madsen * 
Loewy-Hydropress * Peiton + Standard Steel Works 


From this !ittle booklet, you can see in five min- 
utes how Standard Steel forged rings and flanges 


will fit into your picture. Send the coupon now. 


Dept. 8735, Standard Steel Works Division 


Bald win-Lima-Hamilton Corporation, Burnham, Penna 


Without any obligation on my part, send me your bulletin | 


STREET ADDRESS 


B-2391 





DESIGN 
your products 
for SPINNING 


Parts spun to tolerances of + .003” 


... by the exclusive 


ecatorn 
PROCESS 


It's fast and it's economical 


Metal spinning, by the MECATORN Process 
can cut your costs and simplify your designs. 
Torngren has all facilities for taking over both 
spinning and whatever welding may be involved 
in assembling. Ask one of our qualified staff to 
assist you in adapting your designs to produc- 
tion by spinning and save time, money and 
worry. 


Capacities of the 
MECATORN Process 


Metal 
Aluminum 
Aluminum, copper, bronze 
Low alloy steels 
Low alloy steels 
Stainless Steels 
Stainless Steels 


Gauge Diameter 


Up to 3/16” 
Up to | 2 
Up to 35” 
Up to в” 
Up to 4" 
Up to Va” 


Spinnability of Metals 


Ease of spinnability varies with the metal... 
some are easy, others average, some difficult 
while others are very difficult. Some metals 
require annealing, some are spun hot and some 
require little annealing. Our engineers will give 
you exact and definite information on this sub- 
ject so that it may be of assistance in deter- 
mining the metal best suited for your product 
in the event you make spinning your method of 
production. Incidentally, in many spinning op- 
erations tolerances can be held to a few thou- 
sandths of an inch. 


Engineering Service 
Our engineering staff will be glad to assist in 


adapting your designs to the spinning process. 
Literature available on request. 


C. W TORNGREN CO. 
SOMERVILLE 45, 
MASS. 
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Catalogs and Bulletins continued 


(P-38) INVESTMENT CASTINGS — 
Booklet, 16 pp, contains three tables 
listing composition and properties of 
carbon, low alloy, stainless, high tem- 
perature alloy and tool steel precision 
castings, and the magnetic properties 
of three of the most frequently sup- 
plied precision cast permanent mag- 
nets. Crucible Steel Co. of America, 
P. O. Box 88, Pittsburgh 30, Pa. 


(P-39) DEEP DRAWN METAL BOXES 
—Catalog 5, 21 pp, lists over 1000 
sizes of aluminum boxes, all available 
without tooling charges and used by 
manufacturers of electrical, electronic 
and similar instruments as cases and 
housings. Zero Mfg. Co., P. O. Box 
509E, Burbank, Calif 


(P-40) EXPANDED ALUMINUM — 
Folder, 4 pp, describes available sizes, 
dimensions and weights for different 
mesh sizes, and illustrations of a num- 


ber of applications. Penn Metal Co., 
203 E. 42 St., New York 17, N. Y. 


(P-41) INVESTMENT CASTINGS— Wall 
chart is a comprehensive tabulation 
covering stainless, low alloy and tool 
steels, nickel alloys, copper base alloys 
and aluminum alloys. For each alloy, 
the chart lists a complete chemical 
analysis and mechanical properties 
(heat-treated, annealed and as-cast ). In 
addition, the chart rates the alloys as to 
castability, machinability, corrosion re- 
sistance, weldability, response to plat- 
ing, response to heat treating and mag- 
netic properties. Precision Metalsmiths, 
Inc, 1081 E. 200 St, Cleveland 17, 
Ohio. 


(P-42) PLAsTIC WELDING AND FAB- 
RICATION—House organ, first issue, 4 
pp, contains data on plastic materials, 
products and fabricating processes. 
American Agile Corp., 5461 Dunham 
Road, Maple Heights, Ohio. 


(P-43) FERROUS METALLURGY — 
Chart (815 x 11 in., black and white) 
gives principal characteristics of steel 
(with carbon content ranging to 0.9 
per cent) across the temperature range 
to 2900 F. The important working 
zones, including preheating for weld- 
ing, stress relieving, normalizing, an- 
nealing, and forging are shown. At the 
right of the chart 24 common metal- 
lurgical terms are defined and ex- 
plained. A diagram of change in grain 
size with temperature is at left. Tempil 


Corp, New York 11, N.Y. 
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MEEHANITE CASTINGS ARE MADE ONLY 


BY MEEHANITE FOUNDRIES 


The American Laundry Machinery Co., 
Rochester, N. Y. 
Atlas Foundry Co., Detroit, Mich. 
Banner Iron Works, St. Louis, Mo. 
Barnett Foundry & Machine Co., 
Irvington and Dover, N. J. 
Blackmer Pump Co., Grond Rapids, Mich. 
Compton Foundry, Compton, Calif. 
Continental Gin Co., Birmingham, Ala. 
The Cooper-Bessemer Corp., 
Mt. Vernon, Ohio and Grove City, Pa. 
Crawford & Doherty Foundry Co., 
Portland, Ore. 
DeLaval Steam Turbine Co., Trenton, N. J. 
Empire Pattern & Foundry Co., Tulsa, Okla. 
Farrel-Birmingham Co., Inc., Ansonia, Conn. 
Florence Pipe Foundry & Machine Co., 
Florence, N. J. 
Fulton Foundry & Machine Co., Inc., 
Cleveland, Ohio 
General Foundry & Mfg. Co., Flint, Mich. 
Georgia Iron Works, Augusta, Ga. 
Greenlee Foundry Co., Chicago, Ill. 
The Hamilton Foundry & Machine Co., 
Hamilton, Ohio 
Hardinge Company, Inc., New York, N. Y 
Hardinge Manufacturing Co., York, Pa. 
Johnstone Foundries, Inc., Grove City, Pa 
Kanawha Manufacturing Co., 
Charleston, W. Va. 
Kennedy Van Saun Mfg. & Eng. Corp., 
Danville, Pa. 
Koehring Co., Milwaukee, Wis. 
Lincoln Foundry Corp., Los Angeles, Calif. 
Palmyra Foundry Co., Inc., Palmyra, N. J. 
The Henry Perkins Co., Bridgewater, Mass 
Pohlman Foundry Co., Inc., Buffalo, N. Y. 
Rosedale Foundry & Machine Co., 
Pittsburgh, Pa. 
Ross-Meehan Foundries, Chattanooga, Tenn. 
Shenango-Penn Mold Co., Dover, Ohio 
Sonith Industries, Inc., Indianapolis, Ind. 
Standard Foundry Co., Worcester, Mass. 
The Steorns-Roger Mfg. Co., Denver, Colo 
Valley Iron Works, Inc., St. Paul, Minn. 
Vulcan Foundry Co., Oakland, Calif. 
Dorr-Oliver-Long, Ltd., Orillia, Ontario 
Hartley Foundry Div., London Concrete 
Machinery Co., Ltd., Brantford, Ontario 
Otis Elevator Co., Ltd., Hamilton, Ontario 


SEND FOR 
THESE 
BULLETINS 
TODAY 


@ MEEHANITE DESIGN DATA 
BULLETIN NO. 26 
BULLETIN NO. 27 
Write today to Meehanite Metal Cor- 


poration, Dept. 7G, 714 North Avenue, 
New Rochelle, N. Y. 


MEEHANITE’ 


Product Design Digest Issue 





L L. 


Tuckermann Optical Extensometer in use to de- 
fine the elastic properties of Meehanite Metal. 


MEEHANITE METAL PROVIDES DEFINED ELASTIC 
MODULUS VALUES FOR THE DESIGN ENGINEER 


MANGANESE Meehanite Castings have true elastic property characteristics. Results of test 
BRONZE 


data obtained from the use of sensitive strain gages have established 
MEEHANITE 


TYPE GA " modulus values ranging from 22,000,000 to 17,000,000 psi according to the 
P. CARBON type of Meehanite Metal. Modulus of elasticity for Type GM is 22,000,000 psi; 


— Type GA 20,000,000 psi; Type GB 18,000,000 psi; Type GC 17,000,000 psi. 


The data also demonstrates that true elasticity persists up to loads approx- 
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STRESS STRAIN CURVES imating one-third of the tensile strength of the metal. Design with confidence. 
FOR THREE ENGINEERING 


MATERIALS Specify Meehanite Metal for your casting requirements. For additional informa- 


tion, write for Meehanite Design Data, Bulletins No. 26 and No. 27 today.‏ اوا یوس اسم 


Strain Elongation 


High modulus with resistance to elastic deformation Dimensional stability and high resilience of Meehanite 
is important in these Meehanite extension parallels Castings is typified in this Wales Hole Punching unit 
where maintenance of required dimensions is essential. The superior stiffness of Meehanite Metal permitted 

units to be made with 8”, 12” and even 16” throats 


MEEHANITE METAL 


MEEHANITE METAL CORPORATION * NEW ROCHELLE e NEW YORK 





What other process 


could do it so well? 


All things considered, there’s really only 
one best way to produce this chassis for 
an electric computer. 


When you figure that it must be built 
at the lowest possible unit cost, must 
use a production method that is highly 
flexible to accommodate the unusual 
shape, and must maintain a variety of 
close tolerances «.. only die casting 


could do the job. 


Also, working closely with Twin City 
engineers, this manufacturer designed 


for die casting to get the maximum out 
of the process. By thinking in terms of 
die casting right from the drawing boards 
he eliminated many production and 
finishing jobs, saved on unit costs, saved 
on machining. 


Possibly you're producing a part by 
some more costly, less flexible, less ac- 
curate process than die casting. If you 
think that might be true, contact Twin 
City Die Castings Company. Twin City 
engineers can probably save you money. 


They have for hundreds of customers. 


»..only DIE CASTING can 
cut your costs 


offer such flexibility 


provide such accuracy 
FOR PROOF... CALL, WRITE OR WIRE: 


TWIN CITY DIE CASTINGS CO. 


3351 TALMAGE AVENUE S. E. 


. MINNEAPOLIS 14, MINNESOT/ 


TELEPHONE MIDWAY 6-7528 


Catalogs and Bulletins continued 


(P-44) STAINLESS STEEL—Technical 
study 5, 10 pp, gives technical infor- 
mation on AM 350, the stainless steel 
that bridges the gap between the 300 
and 400 series. Tables on mechanical 
properties, stress rupture properties, 
elevated temperature tensile properties, 
corrosion rates in various media, and 
effects of cold rolling and aging on 
hardness and tensile properties are in- 
cluded. Allegheny Ludlum Steel Corp., 
020 Oliver Bldg., Pittsburgh 22, Pa. 


(P-45) HEAVY METALS— Booklet, 20 
pp. describes tungsten-copper-nickel 
alloy, twice as heavy as steel, 50 per 
cent heavier than lead. Fansteel Metal- 
lurgical Corp., N. Chicago, Ill 


(P-46) STAINLESS WIRE, Rop, STRIP 

Handbook, 40 pp, covers in detail 
the properties, specifications, applica- 
tions and design data on 20 grades of 
stainless steel wire, rod and strip. Alloy 
Metal Wire Div., H. K. Porter Co., 
Inc., Prospect Park, Pa 


( P-47) SEAMLESS STAINLESS TUBING 
Bulletin 'TB-355, 6 pp, includes 
tables of analyses, mechanical proper- 
ties, creep strength, physical properties, 
oxidation resistance of nine of the most 
popular stainless tubing steels. Babcock 
& Wilcox Co., Beaver Falls, Pa. 
( P-48) STAINLESS STEEL— Data book, 
16 pp, includes design and dimensional 
information on flange drilling tem- 
plates, flange and ring-joint facings, 
stainless steel pipe, pipe threads, thread 
engagement; pressure-temperature rat- 
ings and conversion factors, resistance 
of fluid hardness conversion 
tables, metal casting factors, physical 


flow; 


and mechanical properties of stainless 
steel; a detailed materials selection 
chart covering more than 300 corro 
sive solutions. Cooper Alloy Corp., 


Hillside 5, N. Y 


( P-49) 
No. 2 includes tables giving the rae- 
chanical properties of both alloyed and 
unalloyed grades of the metal, and 
comparative 


TITANIUM—Progress report 


titanium 
and other pure metals. It discusses 
methods of forging, annealing, rolling 
and descaling and pickling titanium 
sponge in primary 


properties of 


fabrication; and 
sheet forming, machining, grinding, 
sawing and joining of titanium in sec- 
ondary fabrication. E. I. du Pont de 
Nemours & Co., Inc., Wilmington 98, 
Del 
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In Powder Metallurgy — it's 


® Self-Lubricating, Heavy Duty Bearings 


Heavy-Duty OILITE Bearings function efficiently under heavy loads 
at moderate speeds and readily absorb shocks and stresses because of the 
built-in oil cushion. They are used extensively by every known industry 
for everyday bearing needs. IDEAL, in applications where positive lubri- 
cation maintenance is uncertain due to the human element, self-lubri- 
cating OILITE Bearings are unexcelled in “trouble” areas difficult or 
impossible to lubricate. 

The original oil content frequently provides lifetime lubrication but 
subsequent lubrication can easily be provided for, if needed. 

Heavy-Duty, Self-Lubricating OILITE Bearing Material is also avail- 
able from dealer stocks. Cores and Solid Bars range in size from Lé” to 
1514” I D and 1” to 1814” O D. Also available in Plates, Discs and Strips. 

It may be readily machined into bearings of any desired size or shape. 
Widely used for maintenance, it effects lasting repairs and can be used 
for test and experimental purposes. 


® Precision Finished Machine Parts 


OILITE Precision Parts are die-pressed metal powder parts made in a 
broad range of ferrous and non-ferrous metals and alloys. Physical prop- 
erties range up to the equivalent of low carbon steel. They operate more 
quietly and wear longer than similar solid materials and may be self- 
lubricating if desired. 

By eliminating up to 36 conventional machining operations, OILITE 
parts effect direct savings up to 96%. OILITE Precision Parts are fre- 
quently produced at less than the cost of rough castings. Tool costs are 
modest and prompt deliveries can be arranged. 


® Porous Metal Filters 


OILITE Permanent Metal Filters provide uniform depth filtration of 
particles as small as two (2) microns. These units are strong and rigid 
and may be readily cleaned by reversing flow or back-flushing with a 
solvent. Other advantages include unusual freedom of design, long life 
and low cost. 

SOME OF THE MANY USES include filtering, diffusing and con- 
trolling the flow of gases and liquids, separating liquids having different 
surface tensions, removing moisture from air streams, acting as sound 
deadeners and flame arrestors, serving as wicks for lubricating air streams, 
and acting as snubbers on pneumatic tools. 

A WIDE CHOICE of shapes, sizes, porosities and materials assures 
exact conformity to product requirements. 

OILITE Permanent Metal Filters can be plated and are easily 
bonded to other metals. 


Let Chrysler-Amplex help you with your Bearing, Parts, Filter or Special Product 
Problems. Extensive research and production facilities stand ready to assist you. 
OILITE field engineers, supply depots and dealers in all principal cities. Overseas 
distribution thru Chrysler Export. 


— CEP. — only Chrysler makes OILITE гхи тз е 


! tion on self-lubricating 
bearings, finished ma- 

CHRYSLER CORPORATION e. AMPLEX DIVISION chine parts, filters and 
; А other powder metalunits. 

Dept. GA Detroit 31, Mich. 52 pages. Write today 

for OILITE Engineer- 

ing Manual E-56. 
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How 
SHENANGO 
CENTRIFUGAL 


CASTINGS 
pay off! 


ax 


4 n 
COPPER, TIN, LEAD, ZINC BRONZES 


MONEL METAL «+ NI-RESIST 


NO ROOM FOR TROUBLE... 
because all these parts have been 
centrifugally cast by Shenango. 
Centrifugal action forces all gas and 
impurities from the molten metal 
Defects that ordinarily show up in 
machining or service are elimi- 
nated. Next time you‘ need liners, 
sleeves, rings, rolls, bearings, bush- 
ings, or any annular or symmetri- 
cal part, rough or precision їп. 
ished, contact: Shenango-Penn 
Mold Company, Centrifugal Cast- 
ing Division, Dover, Ohio. 


CENTRIFUGAL 


CASTINGS 


* ALUMINUM AND MANGANESE BRONZES 
* MEEHANITE METAL + ALLOY IRONS 








Catalogs and Bulletins continued 


(P-50) STAINLESS STEEL WIRE — 
Manual, 32 pp, has tables giving size 
range and straightened lengths of the 
product, coil data, chemical analysis 
and characteristics, physical properties 
in the annealed condition and mechan- 
ical properties for cold drawn wire. 
Crucible Steel Co. of America, P. O 
Box 88, Pittsburgh 30, Pa. 


(P-51) PLASTIC STEEL — Folder, 4 
pp, describes a product consisting of 
80 per cent steel powder and 20 per 
cent plastic resin that can be used to 
make models of products, certain types 
of jigs and fixtures, forming dies and 
molds. Chemical Development Corp., 
Danvers, Mass. 


(P-52) EXPANDED STAINLESS STEEL 
—Folder, 4 pp, gives sizes, dimensions 
and weights of nine different meshes in 
various stainless alloys, both standard 
and flattened. A number of meshes, 
ranging from ¥2 to 1% in. diamond 
size, are illustrated. Penn Metal Co., 
Inc., 205 E. 42 St., New York 17, N. Y 


(P-53) SPECIALTY STEELS—Booklet, 
32 pp, defines the distinctive charac- 
teristics of a broad range of special 
purpose steels in terms of end use. It 
briefly summarizes specialty product 
line, covering tool and die steels; stain- 
less steels; silicon and high nickel elec- 
trical alloys; special purpose alloy 
steels; valve, heat-resisting and super 
alloy steels, tubing and pipe in various 
analyses and fine wire specialties. Car- 
penter Steel Co, 317 W. Bern St, 
Reading, Pa. 


(P-54) VACUUM MELTED ALLOYS— 
Booklet, 8 pp, describes vacuum melt- 
ing process and characteristics of re- 
sulting alloys. Utica Drop Forge & 
Tool Corp., Utica 4, N. Y 


(P-55) Toot STEELS—Brochure, 70 
pp, gives technical data on more than 
50 types of tool steels and cold finished 
products. Vanadium-Alloys Steel Com- 
pany, Latrobe, Pa 


(P-56) MAGNETIC INGOT IRON — 
Manual, 24 pp, describes a magnetic 
ingot iron for d-c applications, cover- 
ing magnetic core uses, mechanical and 
physical properties, magnetic proper- 
ties, permeability, annealing practice, 
machining, welding and drawing. 
Charts, tables, drawings and curves are 
shown. Armco Steel Corp., Middle- 
town, Ohio. 
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You can make it faster and better 


with Harv 


ey Aluminum >» 


STRUCTURALS ... High strength, light 
weight, workability, corrosion resist- 
ance. Aluminum extrusions combine 
all four...are ideal as basic load- 
bearing members. 


ILE 


EXTRUSIONS . . . For decorative 
as well as basic parts, custom- 
designed aluminum extrusions 
replace riveted and welded as- 
semblies...simultaneously adds 
strength, simplifies fabrication. 


PRESS FORGINGS ... Where 
parts must combine maximum 
strength with savings in weight, 
cost and manpower, Harvey 
aluminum forgings often com- 
pletely solve the problems en- 
countered by the designer. 


IMPACT EXTRUSIONS . . . Thin- 
walled, tubular structures can 
be produced by this method and 
held to very close tolerances. 
Machining is practically elimi- 
nated; scrap is greatly reduced. 


MACHINING STOCK . .. Harvey deep- 
drawn hex and round stock set a new 
mark in uniform grain structure—con- 
sistent from surface to core. This means 
fast, chatter-free cutting, long tool life, 
few rejects and true threads. 


m 


FORGING STOCK ... If you make your 
own forgings in quantity, Harvey ex- 
truded forging stock can save many 
intermediate steps. Custom-designed 
extrusions whose cross sections ap- 
proximate the forged blanks may be 
cut to length. 


ex 


EXTRUDED PIPE AND TUBE . . . Seamiess 
... Uniform in structure, size and shape 


.. clean and smooth inside and out... 
easily formed. Usable in applications 
ranging from portable irrigation sy 
tems to aircraft heat exchangers 


DRAWN TUBE... Combines strength 
and high finish .. . ideal for TV anten- 
nas, furniture, and similar products. 
Cold drawn for structural uniformity 

.and the temper is specially con- 
trolled for good workability 


De ° 


SCREW MACHINE PRODUCTS... The 
West's largest installation of multiple- 
spindle screw machines can reduce 
your manufacturing costs. Harvey car- 
ries your job through from engineering 
to quality control 


Harvey isa leading independent MAKING THE MOST OF ALUMINUM...FOR EVERYONE 


producer of quality aluminum 

products: Rod and bar, pipe, HARVEY ALUMINUM SALES, INC 

tube, hollow sections, press TORRANCE, CALIFORNIA 

forgings, forging stock, impact 

extrusions,  atrueturalo, special id RVEY BRANCH OFFICES IN PRINCIPAL CITIES 
shapes, extrusions, screw ma- 

chine products and other alumi- . 

num products. Harvey is also luminum 


producing similar items in titan- 
ium and steel. 





Engineers Demanded It! 
Reynolds Invented It! 


REYNOLDS ALUMINUM 
TUBED SHEET One-Side-Flat 


" FLAT 510: 


(Patent Pending) 


ind ca ai M TA 


OAT 


PATTERN SIDE 


The exciting new material to complement 
your design and engineering skill 


Reynolds new Tubed Sheet One-Side-Flat is the 
only sheet with one flat side providing integral 
tubing in any parallel or non-parallel patterns no 
matter how complex! Tubed Sheet One-Side-Flat 
(two sheets of aluminum metallurgically bonded 
together so that the heat transfer passageways are 
in the sheet) is flat on one side and has the built-in 
tubing pattern on the other side. This amazing 
material routes gas or liquid wherever needed 
with greater freedom and greater efficiency and 
at lower costs. 
Like the original Reynolds Tubed Sheet that 
has its integral tubing pattern expanded on both 
sides and is widely used in the refrigeration indus- 
try, this exclusive new Reynolds development is 
exciting interest in the refrigeration and other 
industries because it promises even more advantages. 
For example, in refrigerator evaporators, Tubed 
Sheet One-Side-Flat permits direct contact of the 
flat side with food packages and ice cube trays 


thus speeding heat transfer, providing faster 
freezing. As a skin for aircraft, its flat side provides 
a smooth exterior and the entire sheet can be 
cooled through the integral tubing offering a 
possible solution to the "heat barrier" faced by 
supersonic planes. In radiant heating panels for 
buildings, its flat surface can be finished in a 
variety of decorative ways and used to face room 
interiors while hot water is circulating through the 
integral passageways on the other side of the sheet. 


Why not investigate Reynolds Tubed Sheet 
One-Side-Flat for application in your industry? 
Whether transportation, chemical, petroleum, 
construction, appliance or other industry, you'll 
find it an intriguing new material —for amazingly 
flexible heat transfer use or for other uses your 
ingenuity may devise. For details contact your 
nearest Reynolds Office or write direct. Reynolds 
Aluminum Fabricating Service, 2051 South Ninth 
Street, Louisville 1, Kentucky. 


See ''Frontier'", Reynolds exciting dramatic series, Sundays, NBC-TV 
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Write for free 24-page “Catalog of 
Facilities". Get full details on the RETI 


t d duction facilities of 7 
| Reynolds Aluminum Fabricating REYNOLDS CSS ALUMINUM 


Service. 


REYNOLDS QË) ALUMINUM 
FABRICATING SERVICE 


BLANKING « EMBOSSING * STAMPING * DRAWING ¢ RIVETING • FORMING • IMPACT 
EXTRUDING > ROLL SHAPING * TUBE BENDING »* WELDING » FINISHING 
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SHEET METAL PARTS and ASSEMBLIES e CONFIDENCE: 
; ss BUILDING CONSTRUCTION 
Fabricated to Your Specifications 


Stolper's resourceful and versatile service, backed 
by 48 year's experience and complete manufac- 
turing facilities, offers three important advantages. 


Our engineers solve sheet metal problems 
daily. Their experience enables 
them to engineer satisfactory 

, performance into your 

е | product 
EYE- * Our full-time 


Industrial Designer 


PLEASING | I is available to 
^ } help build 
DESIGN Cp 4 sales-stimulating 
Ша appearance into 
your product 


АДД 
ә ШЇЇ 
Д 
ИТТИН 


ЕСОМОМҮ wA 


OF up-to-the-minute 
methods and machines 
сонета Yr vem TYPICAL STOLPER PRODUCTS 
омер ам TANKS, gosoline and oil, for most applicati 
savings to you , 9 ine and oil, fo ost applications. 1 
HOUSINGS and enclosures for both portable and station- 
ary units. All types of sheet metal assemblies such as cabs, 
ses and supports, fenders, guards, including complete 
products "tailor-made" to your specifications. 


Call or write for a consultation. 


TOLPE STEEL PRODUCTS corp. 


306 Pilgrim Road * Menomonee Folls, Wis. 


| | Zinc & Aluminum 
| | | | | DIE-CASTINGS 


+ ^ Rt 
amd with ACA CASE 
' e & die cast i5 S 


The unusual flexibility of Gries’ die casting tech- 


nique may answer your small parts problems. Quick delivery 

With almost unlimited design latitude, your de- on quantities 

signe—whether simple or complex—can be cast of 100,000 to 

» in zine alloy, in one automatic operation, com- many millions. 
pletely trimmed. 


” NO MINIMUM 
i i ; ; K FACT-FILLED BULLETIN— SIZE: 
nvestigate! Leading manufacturers specify Dollin ў n 


: Е : > Ў showing how Gries’ ingenious Max. Wat. \ oz. 
Die-Castings for highest quality at lowest cost. 1 economical operations can Max. Lgth. 134 in. 
Send prints or samples for quotation —engineering T aqive your probleme. 


advice at no obligation. Literature on request. Send today for your copy, Freee oad 
prices and samples. 


Ж ЖАГ ДШ аа л. E REOS Е 
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CENTRAL 
FOUNDRY 
DIVISION 


GENERAL MOTORS 
CORPORATION 


SAGINAW, MICHIGAN 
DEPT. 26 


Dei 





СШЕЕ 
SANDUSKY 


FERROUS AND 
NON-FERROUS 
CENTRIFUGALLY 
CAST SLEEVES, 
ROLLS, COVERS, 
LINERS, TUBES, 
RETORTS, CHUTES, 
RINGS, BUSHINGS, 
BEARINGS, GEAR 
BLANKS, ETC. 


The success of a centrifugal casting is often deter- 
mined long before the metal is melted and the casting 
formed. At Chief Sandusky, it starts in the research 
laboratories where experienced technicians are con- 
tinually searching to improve existing methods and 
develop new ones to meet your specialized needs. 
Each casting is then quality controlled through every 
step of the production process. The result of this sup- 
porting and preceding control is a finer, closer grained 
product which resists heat, corrosion, and abrasion. 
Whatever your needs in ferrous and non-ferrous cen- 
trifugal castings—or in the way of technical aid or in- 
formation, call on Chief Sandusky . . . continual lead- 


er in its field, continually improving its service to you. 


C. M. Lovsted & Co., Seattle, Wash. * Tynes Bros., Birmingham, 
Ala. * Cordes Bros, Son Francisco and Wilmington, Calif. 


Chie} SANDUSKY 
CENTRIFUGAL CASTINGS 


FERROUS AND NON-FERROUS 


SANDUSKY FOUNDRY AND MACHINE CO., Sandusky, Ohio 
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FOR FAST HELP 
on 


DESIGN PROBLEMS 
. . . consult the 


PRODUCT INDEX 


of this 


DESIGN DIGEST 
ISSUE 


(Begins on Page 12) 


Every product adver- 
tised in this issue is in- 
dexed there for ready 
reference. 


Among them may be 
exactly what you need 
right now. 


The advertisements for 
all these products will 
give you many useful 
ideas . .. and more infor- 
mation is quickly avail- 
able from each adver- 
tiser. 


To get any additional 
facts you want, use the 
handy post cards in front 
of this issue, or the cou- 
pons you'll find at the 
end of each DESIGN 
DIGEST ISSUE Section. 
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Here is an example of the complex in- 
ternal coring possible with investment 
casting. Square, round, elliptical or ir- 
regulor interiors can be cast. 

Yet ag d 


зрее 1a 


x 


IEEE EEEE EE EAS 


5.5 


The sharp teeth of this sewing machine 
feed dog were cast in wear-resistant al- 
loy to give longer wear than could be 
obtained from machinable material. 


tis Toon eG) SR ae 


ELLIPTICAL CORING 
RADII AND FILLETS 
SMOOTH SURFACES 
ROUND CORING 
— BOSSES 

" SHARP EDGES 
ROUND CORNERS 
SHARP CORNERS 


This very small part measures 1%” wide 
and less than %%” thick. Its thinness, rigid- 
ity and detail were possible only by 
investment casting. 


Design problem? 


Call your Austenal representative 
and ask him to show you how Microcast can help you. 


design with 


The complexity of this part makes invest- 
ment casting the only feasible method of 
manufacture. Prongs have perfect di- 
mensional accuracy. 


A qu 


Niche % ET 


* c 
in mind 
In planning parts, design directly for 


Microcast and take advantage of its wide 
range of design possibilities. 


See not only what you can do, but what 
costly, time-consuming operations Austenal 
investment casting eliminates. 


These extrusion dies of wear - resistant 
alloy are readily mass-produced with 
highly complex and irregular internal 
contouring. " 


Shown here is an example of how іп- 
vestment casting can virtually eliminate 
hand-filing and machining by keeping 
uniform, intricate detail, 


PRECISION 
ASTINGS 


YX 
SX LY 


3 


Here on entire assembly incorporating 
multiple functions is cost in one unit. 
“Keyhole” coring and a number of dis- 
tinct surface details are required. 


iY 


Cross-sections of irregular and varying 
thickness can be utilized. In this part the 
internal core diminishes from an irregu- 
lar square to a small round hole. 


"— E EIDE i к E a 
А aOR EE Rs v Моў 


Walls of varying cross-sections are pos- 
sible. Here wall thicknesses change from 
thin to very heovy, allowing strength 
without bulk. 


UCOPOEL T MS 7 


This lorge complex gimbal wos cast to 
include many details on the internal and 
external surfaces. 


austena 


INC 


microcast division 
224 EAST 399^ STREET, NEW YORK 6, N. Y 
7001 SOUTH CHICAGO AVE, CHICAGO 37 





Zinc and Aluminum 
Die Castings combined 
furnish a useful kitchen 
meat grinder. 


The zinc die casting 
supplies weight and 
can be finished fo paint 
or chrome. 


The aluminum die 
casting supplies the 
corrosive resistance 
with finish from dull to 


DIE CASTING COMPANY Zr: 


2228 NO.ELSTON АУЕ, СНІСАСО 14,11 КРИЗ 


If the question is perforating . . 


p Ever stop and think that the 
S PLAST(c 2 ۴ answer to your design problem 
D с Q o% may be simple perforations? 
لم کم‎ ope Whatever material you're working 
© QU with, if it'S metal, masonite, 
rubber, plastic, hard or insulated 
board for decorative or display 
usage, Hendrick can help you. 
Over a period of many, 
many years, Hendrick has built 
up the largest stock of dies 
commercially available. 


If you are faced with the need 
for perforated materials 


the answer is HENDRICK! 2 


or if you would like 
more information on how 
perforating can enhance 
the sales appeal of your 
products, get in touch 
with Hendrick today. 


Hendrick Manufacturing Company 


36 DUNDAFF ST., CARBONDALE, PA. è Sales Offices in Principal Cities 


Perforated Metal + Perforated Metal Screens + Wedge-Slot Screens + Architectural Grilles + Mitco 
Open Steel Flooring * Shur-Site Treads * Armorgrids 
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Want Help with Your 
Design Problem? 


Hundreds of America’s consult- 
ing design engineering firms are 
prepared to give you assistance 
when your own facilities are over- 
crowded . . . they're organized to 
complete projects quickly when 
speed in development is essential 

. and they often can give you a 
fresh viewpoint on product design. 


These are just a few reasons 
why you may find it profitable to 
call in one or more of these con- 
sulting firms. And whether you 
may need the assistance of a con- 
sulting firm now or in the future, 
we can help you locate the firm 
or firms best able to service your 
needs. We recently completed a 
study of the consulting engineers 
that subscribe to Product Engineer- 
ing. The information compiled has 
been indexed and filed by our Re- 
search Department, and is avail- 
able to you. 


The files, for example, contain 
data on firms which do up to $5- 
million in business annually 
employ from one to as many as 
500 engineers and technicians . . . 
and which, in most cases, can de- 
sign any kind of machinery and 
equipment. These companies also 
specified the one or more areas of 
design—mechanical, hydraulic and 
pneumatic, electronic and electri- 
cal, appearance, and other types— 
in which they work. 


Almost all of these organizations 
indicated that their services are 
complete to the extent of specify- 
ing materials and components, pre- 
paring bills of material and work 
drawines for the products they de- 
sign. They also stated the geo- 
graphical areas in which their 
services are available, And many 
companies, in addition to replving 
to our questionnaire, furnished 
bulletins and brochures covering 
their activities, photographs of 
products designed, and lists of cli- 
ents served and patents awarded. 


To take advantage of this wealth 
of data, call or write our Research 
Department. There's no cost or 
obligation, of course. 


Product 
Engineering 


McGraw-Hill Building, New York 36, N. Y. 
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ids for the product designer 


How to Use Resistance Welding 
to Improve Product Design and Quality 


In view of the vital relationship be- 
tween design engineering functions 
and production methods and tech- 
niques, Sciaky Bros., Inc. has under- 
taken a program to provide design 
engineers with the basic information 
necessary to utilize the advantages of 
resistance welding to improve prod- 
uct design and quality. 

While resistance welding is well 
known as a process, important ad- 
vancements have been made in 
recent years that greatly broaden 
the utility of the method. However, 
to gain maximum benefit from these 
advancements, the capabilities and 
limitations of 
should be 
siderations. 


resistance welding 


treated as design con- 


To put this information in the 
hands of engineers responsible for 
product design, Sciaky is using sev- 
eral methods 


Technical Reports 


Fig. 1—Typical Sciaky technical re- 
ports which appear regularly in de- 
sign engineering publications 


At regular intervals Sciaky publishes 
technical reports on various types of 
resistance welding in the pages of 
leading design engineering maga- 
zines. These cover design aspects of 
the use of such techniques as projec- 
tion welding, mash welding, flash 
butt welding. Additional reports will 
appear in the months to come and 
we urge you to be on the lookout 
for them. 


of Resistance Welding Machines in the World 


Designer’s Guide 
Just off the press is a 12 page Sciaky 
bulletin entitled “Design Your Prod- 
uct to Sell". It serves as a guidebook 
to designers covering such subjects as: 
What is resistance welding? 
How resistance welding can help 
you 
Design considerations of spot 
welding, seam welding, pro- 
jection welding, etc. 
Facilities of the Sciaky Research 
Center 


tha 


Fig. 2—The Sciaky designer's guide 
available without charge 


This is truly the designer's hand- 
book of reference of basic data on 
how to utilize resistance welding to 
improve product design and quality. 
without 
charge to all designers who request 
them 


Copies are available 


“Resistance Welding at Work” 
Publication 


Periodic issues of these eight-page 
brochures detail interesting applica- 
tions of Sciaky resistance welding 
techniques. Contents include discus- 
sion of basic problems of product 
fabrication and steps taken toward 
establishing production. Well illus- 
trated with clear pictures and draw- 
ings, these brochures have proven 
unusually successful in stimulating 
ideas for applications on entirely un- 
related products. 


Largest Manufacturers 


EFi 


Fig. 3—Typical issues of “Resistance 
Welding at Work” publication 


Ask to be put on our regular mail 
ing list particulaı 


field of interest and we will send 


Describe your 


suitable back issues 
Sciaky Research Center 


Sciaky’s new Research Center in- 
vites you to submit your metal fas- 
tening problems. This entire facility 
with the latest resistance welding 
machines, testing instruments, and 
trained personnel is devoted to solv- 
ing your design prcblems and ad- 
vancing the application and develop- 
ment of resistance welding. 


Fig. 4—The Sciaky Research Cente: 
Brochure is available on request 


A complete description of the fa- 
cilities of this three-quarter million 
dollar center is given in the Sciaky 
Research Center Brochure. Copies 
are available on request. 


STiany. 


Sciaky Bros., Inc., 4913 West 67th Street, Chicago 38, Ill., Portsmouth 7-5600 
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There's а LAPEER 


Clamping Device to meet 
your every clamping need 


—unmatched for rugged use, 
dependability, speed and 
long service 


Exhaustive tests in laboratory and years of practical use 
have made these LAPEER devices the choice of the leading 
manufacturers for applications in drilling, grinding, welding, 
and in all operations requiring fast and reliable clamping. 
Recognized as clamping engineers, we can give you much 
valuable assistance on any set-ups involving the clamping 
and holding of parts during processing. Let us help you; our 
engineers will gladly discuss your clamping problem ot 
your plant. 

Send for complete catalog. Templates (full, half and quarter size) on request 

Sales offices in principal cities 


2211118 LAPEER MFG. CO. 


3061 DAVISON ROAD * LAPEER, MICHIGAN 
WESTERN DIVISION — — 422 MAGNOLIA + GLENDALE, CALIF 
CANADIAN DIVISION — HIGGINSON ENGR. + HAMILTON, ONTARIO 
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“Permanent Gang Die” Punching 
Tools and first 1,000 pieces 


ж 


E-———-—-CUTS 
SHORT RUN 


STAMPING 
COST$-------- 


PROBLEM: 


Relay Support Bracket 
with 
9 holes —two different sizes 
Tolerance—hole dia. + .002/— .001; location + .003 
Blank size (developed) —1%”" x 3” 
Material —.062 C. R. Strip Steel 
RELAY BRACKET HOLE PUNCHING ANALYSIS 


Single Hole “Short Run” jig punching 
Tools and first 1,000 pieces $125.00 
Subsequent re-runs 1,000 pieces. .....$102.00 


$266.00 
Subsequent re-runs 1,000 pieces $11.00 


* Multiple Hole Process" Punching 
Tools and first 1,000 pieces . . $70.00 
Subsequent re-runs 1,000 pieces $41.00 


In analyzing the problem it was found that only through Federal's 
multiple hole-punching process could stamping costs be cut and 
still hold to rigid tolerances. Let Federal quote on your next problem 
piece and save! 


Send your print, sketch or piece for our. . . C 


f ‘Anolyzed Quotation 
TOOL & MFG. CO. 


Quality Stampings in 
Small Quantities 
3621 Alabama Ave., Minneapolis 16, Minn. 


STAMPINGS 


Produced economically in our modern plant 


for: 


AUTOMOTIVE, INDUSTRIAL EQUIPMENT, 
DOMESTIC APPLIANCE, AGRICULTURAL 
INDUSTRIES AND OTHERS; will boost your 


output at material savings. 


Our production, engineering and toolroom 
facilities are geared to the volume usage of 
your industry. 


Send us your inquiries 


LANSING STAMPING COMPANY 


1167 So. Pennsylvania Ave. 
Lansing 2, Michigan 


Serving Industry Since 1914 
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How about 


Malleable 
9 


-HIL Lg 


és... Don't overlook the 
advantages of this highly 


McGRAW 


versatile material! 


STANDARD malleable iron is a strong cast 
ferrous alloy having a remarkable combination 
of properties: 


Toughness and Excellent 
ductility machinability 
High impact 
resistance Resists corrosion 


ss.and how about Pearlitic Malleable? 


PEARLITIC malleable iron is a special type of 
malleable having these unique characteristics: 


Exceptional bearing Easily machined 
properties 


High yield strength— V Can be selectively 
45,000 to 80,000 psi. hardened 


whatever APN P =a 
your Whether you are designing new products or ~ | 


publication needs... reviewing present production — keep Malleable 


Equipment Monucls — Product Cots in mind. Design and application data to help 
logs — Handbooks — Training Aids — you design with malleable is available, free, 
Industrial Relations Literature — Pro- from Malleable Founders’ Society. Write for 


cedural Guides — Engineering Malleable Iron Facts, No. 46. 
Presentations — — — and any type of 


technical literature 


Al tage iter Castimes 


E PONE EIR ne cand NAR E‏ پو 
use our speciglists in — — —‏ 


WRITING .. . EDITING a А | | 
ILLUSTRATING ... PRINTING l 2 І А 
2 А? 189912 
— a BOGIES: 
Technical Writing Service* 


330 West 42nd St., N.Y.C. 36 
LOngacre 4-3000 


1800 Union Commerce Building Cleveland 14, Ohio 
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TOGGLE CLAMPS 
PRODUCTION 


Destaco Toggle Clamps offer extreme flexibility in fixture 
design, being adaptable to your work-holding problems in every field of mass 
production. Whether you're drilling, reaming, milling, bonding, welding or 
assembling, you get more production, fewer rejects and lower tooling costs 
when you specify Destaco fast acting toggle clamps. 

Destaco clamps (steel) are precision made, with reamed bearing holes and 
hardened pins; series 210, 220, 228 and 240 now have full length hardened 
bushings, for years a feature of our heavier models. Series 441-AL, 482-AL, 
484-AL, 486-AL and 491-AL offer the lightness of aluminum. There are three 
new air-operated DE-STA-CO Clamp-omatics—Models 810-S (Solid Holding 
Bar), 810-U (U-Shape Bar) and 858-S. Eliminating elongated holes and sloppy 
action, Destaco gives you precision alignment and. smooth, fast, powerful 
action—from the first part to the last. Fool-proof, positive locking and release 
—no cams—and friction-relieving offsets in handles and links. Cold-drawn 
solid bars, forged portable clamp jaws and handles. Many accessories for 
adapting to varying fixtures and production. Pressures up to 4000 pounds. 


Call our stocking representative listed below for assistance with your 
tooling problem or ask for 40-page catalog describing over 92 models. 


ALABAMA MASSACHUSETTS OREGON 
Dixie Type & Sunply Co F. H. Robertson Co., Ine Norman S. Wright & Co 
930 N. 6 h Ave 420 Broadway Ave 1932 8. W. Water St 
Birmingham 4 Maiden 48 Portiand | 
MCN MINNESOTA эрш 
2645 Е Adams Sireet эни» Sen Y d Co Раш Jc 
ashing.on Ave., S. y 
Phoenix Minneapolis | Philadelphia 41 


CALIFORNIA 
Norman 3. Wright & Co 
136! Abby St. 
Fresno 3 
Norman 95. Wright & Co 
625 N. Aivarado St 
Les Argeles 26 
Norman S. Wright & Co 
1015 Folsom St 
San Francisco 3 


COLORADO 
Aviation Service Supply Co 
Stap eion Airport 
Denver 7 


GFORG'A 
Pye- Barker Supply Co 

231 Pryor St., S.W 
Atlanta 3 
ILLINO'S 

George A. Rieke 

Woodworkers' Tool Works, Inc 

222 S. Jefferson St 

Chicago 6 


IND' ANA 
General Supply & Tool Ce 
140 Senate Ave. $ 
Indianapolis 4 


IOWA 
Globe Machinery & Supp'y Со 
401 E. Second St 
Davenport 


KANSAS 
H-H Tool & Sunply Co 
317 So. St. Francis 
Wichita 2 


MISSOURI 
Ernst Machinery Co 
1606 Oak St. 
Kansas City 4 


H. 0. Monahan 
1007 Ya.e Ave 
St. Louis 17 


NEW YORK 

Root- Neal Co 

64 Peabody St 
Buffalo 10 


Acme- Danneman Co., Inc 
45 W. iBth St 
Now York II 


Fink Tool Co 
972 Clinton Ave., S 
Rochester 20 


M. J. Kelly Supply Co 
323 E. Water St 
Syracuse | 


OHIO 
Die Supply Co 
1400 Brookpark Rd 
Cieveland 14 


Die Supp'y Sa'es Co 
311 Vermont St 
Day.on 4 


F. N. Cu'hbert, Inc. 
2909 Detroit Ave. 
To.edo 10 


TENNESSEE 
Lewis Supp'y Co 
477 S. Main St 

Memphis 2 

Ra'ph Landrum 

1107 Granata 

Nashville 6 


TEXAS 
Tool Supp'y & Engr. Co 
1901 Canton St. 
Dailas | 


WASH'NGTON 
Norman 8. Wright & Co 
233 Ninth Ave., N 
Seattle 9 
Norman S. Wright & Co 
125 S. Stevens 
Spokane 4 


WISCONSIN 
Triplex Supply Co 


830 N. Third St 
Milwaukee 2 


ONTARIO 
Williams & Wi'son, Ltd 
Ii Front St., E. 
Toronto | 
Williams & Wi son, Ltd 
1465 Tecumseh Bivd., E 
Windsor 


QUEBEC 


Williams & Wi son, Ltd. 


5.4 Inspector St. 
Monireal 3 


DETROIT STAMPING COMPANY 


320 MIDLAND AVE. * DETROIT 3, MICH. 


Have Your Own 


copies of 


PRODUCT 
ENGINEERING 


mailed right to you 


at home or office 


The cost is low... 

the value and con- 

venience great. Just 
fill out the 


coupon below. 


Product Engineering 
McGraw-Hill Buildir 
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[] One year at $5.00 
[] Two years at $8.00 


| Three years at $10.00 
[] Check Enclosed | ) Bill Me 
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DESIGN AND DEVELOPMENT ENGINEERS! 
HERE'S A SURE CURE FOR YOUR 


Deep Drawn 
Instrument Case 
Problems! 


SPINNING, STAMPING, ed di DEEP 


DRAWING, HYDROFORMING, ANNEALING, 
SPOT WELDING, ASSEMBLING, TOOL MAKING 


Kaupp can supply your instrument cases to exact 
specification quickly and economically. Special 
shdpes and odd sizes are a specialty at Kaupp and, 
in most cases, can be turned out on reasonably short 
notice. Kaupp has the experience and the metal 
working facilities for precision forming of intricate 
shapes to close tolerances. Gauges .002 to % stock 
in stainless steel, Inconel, aluminum, cold rolled 
steel, brass and other alloys. Check with Kaupp on 
your metal parts needs, now! 


c. B. KAUPP & sons 


NEWARK WAY * MAPLEWOOD * NEW JERSEY 
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Hydra Power Bendor 
MN Press | fpe | 2 Models 


....а time Saving, 
cost cutting technique 


ё, for industru! 


=# [к = 
E тісің = 


Many Di-Acro Precision Metal- 
working Machines are known 
throughout industry for their 
"Die-less Duplicating" perform- 
ance— producing parts to die accu- 
racy at a fraction of die cost. A 
great variety of experimental and 
production parts and components 
can be made to close tolerances 
without dies using one or more 
Di-Acro machines in combination. 


Investigate these 45 machines that 
punch, notch, roll, shear, bend and 
cut to form your product... better! 


Di-Acro Engineering 
Service is available 
without cost or obli- 
gation. 


Rollers 
8 Models 


pronounced die-ack-ro 


PRECISION 
See our ad onopposite page Mae tle New 44-page catalog . . . 


for handy "how to" informa- MACHINES .... packed with time saving 
tion covering a variety of "Die-Less Duplicating” 


forming and fabricating pro- techniques 


O'NEIL-IRWIN MANUFACTURING CO. 


422 8th AVENUE * LAKE CITY, MINNESOTA 


cedures 
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Catalogs and Bulletins continued 


(P-57) ULTRA HIGH STRENGTH 
STEELS—Booklet, 76 pp. presents six 
papers discussing a new nickel alloy 
steel capable of providing tensile 
strengths up to 300,000 psi. Interna- 
tional Nickel Co., Inc., 67 Wall St., 
New York 5, N. Y. 


(P-58) POWDER METALLURGY — 
Manual E 55, 52 pp, is illustrated with 
photos, tables, charts and graphs. Sepa- 
rate sections are devoted to bearings, 
component parts and filters. Other sub- 
jects include design, loads and speeds, 
installation, press fit, close-in, shaft 
clearance, wall thickness, tolerances, 
temperature change, lubrication, ma- 
chining, hardening, magnetic proper- 
ties and flow rates. Amplex Div., 
Chrysler Corp., Detroit 31, Mich 


(P-59) TITANIUM ALLOY—Bulletin, 
f pp, lists metallurgy and chemistry of 
the alloy, properties and recommended 
heat treatment, forging, and welding 
procedures. Mallory-Sharon Titanium 
Corp., Niles, Ohio 


( P-60) THREE-DIMENSIONAL CAMS 

Folder, 4 pp, describes cams for auto- 
matic control, instrumentation, provid- 
ing both theoretical and design points. 
Parker Stamp Works, Inc, Franklin 
Ave., Hartford, Conn 


( P-61) SEAMLESS AND WEL DED TUB- 
ING—Bulletin TB 408, 7 pp, contains 
listing of types of tubing produced and 
a brief description of various kinds of 
technical literature available on such 
specific types of tubular products as 
stainless and alloy tubing, stainless 
pipe, stainless sanitary tubing, heat ex- 
changer and condenser tubing, boiler 
tubing and mechanical tubing. Babcock 
& Wilcox, Beaver Falls, Pa. 


(P-62) HEAT ABSORPTION OF STEEL 

-Booklet, 32 pp, details a simplified 
method by which heating rate of steel 
can be calculated and the center tem- 
perature of the piece predicted. In- 
cluded are 15 charts and diagrams. 
Bloom Engineering Co., Inc., 857 W. 
North Ave., Pittsburgh 33, Pa 


(P-63) TOOL STEELS— Booklet, 44 
pp, entitled “Tool Steels for the Non- 
Metallurgist,” is written to present a 
practical understanding of tool steels 
without being overly technical. Dis- 
cusses six basic classifications of tool 
steels. Crucible Steel Co. of America, 
P. O. Box 88, Pittsburgh 30, Pa 
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Catalogs and Bulletins continued 


(P-64) TUBING FOR SUB-ZERO TEM 
PERATURES— Bulletin TB-357, 6 pp, 
provides information pertaining to 
tubular products intended for sub-zero 
temperature applications. Babcock & 
Wilcox, Beaver Falls, Pa 


(P-65) THERMOSTAT BIMETAI 

Technical data sheet, 5 pp, supplies 
complete engineering data on ASC-3 
It includes deflection curves. American 
Silver Co., 36-07 Prince St, Flushing 


24, N. X 


(P-66) POWDER METALLURGY 

House organ, 4 pp. This first issue de- 
scribes application of powder metal 
parts to clocks, locks, welding. Metal 
Powder Assn., 420 Lexington Ave., 


New York 17, N. Y 


(P-67) FLEXIBLE METAL Host 

Bulletin 50-B, 2 pp, describes twelve 
types of interlocking flexible metal 
hoses. Atlantic Metal Hose Co., Inc., 
308 Dyckman St., New York 54, N. Y 


(P-68) FLEXIBLE METAL Host 
Bulletin 20-E, 4 pp, describes hose of 
annular and helical construction. Atlan 
tic Metal Hose Co., Inc., 308 Dyckman 
St, New York 34, N. Y 


(P-69) BALL AND ROLLER BEARINGS 
—Catalog 52, 140 pp, contains infor- 
mation on this manufacturer's line of 
bearings. General information about 
engineering and production methods 
are included along with more than 30 
pages of general engineering data for 
ball and roller bearings. Charts, draw 
ings and formulae are provided for 
bearing load computation. Dimensional 
and load capacity tables for each type 
of bearing are included, as are mount- 
ing details, shaft and housing fits and 
tolerances and drawings of typical ap 
plications. Interchangeability charts, 
bearing weights and equivalent charts 
are in another section. McGill Mfg 
Co., Valparaiso, Ind 
(P-70) BABBITT METAL—Brochure 
i pp, describes properties and compo- 
sition of a lead-base babbitt metal 
Graphitized Alloys Corp., 44 Trinity 
Pl, New York 6, N. Y 


(P-71) WHEELS AND CASTERS—Cat- 
alog, 28 pp, describes line of wheels 
and casters for industrial and other 
types of mobile equipment, Neilson 
Wheel Co., 1344 N. 5 St., Milwaukee 
12, Wis. 


BENDING— bor and fiat 
stock, tubing, pipe, on- 
gle, channel and spe- 
«ial shapes are de- 
scribed in over 90 dia- 
grams. 


ROD PARTING—book- 
let te!ls how to cut round 
bar stock—also square, 
hex and other shaped 
bars 


PRESS BRAKE OPER- 
ATIONS— air bending 
box forming, punching, 
hemming, flattening, 
etc. ore discussed 


PUNCHING — describes 
how you can punch, 
blank, emboss and form 
materials with Di-Acro 
Punches. 


WRITE FOR 
YOUR FREE 
CATALOG/S 
TODAY! 


Please use the key words 
“Bending”, “Shearing”, etc. 
when writing for catalog (s 


you desire. If you want all of 


them, just say you want *'all 
catalogs" —and say you saw 
them in this issue of Product 
Engineering. Thanks. 


PRECISION 
METALWORKING 
MACHINES 


! O'NEIL-IRWIN MEG. CO. 


422 8th Avenue, Lake City, Minnesota 


= 
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SHEARING—o handy 
shearing guide—de- 
scribes precision cutting 
of hard and soft metals 
plastics, fibre, mico 
leathor and rubber 


ROLL FORMING—the 
modern way to form 
sheet stock (no fiat 
spots) is covered in this 
diagramatic bulletin 


BRAKING SHEET MA- 
TERIALS— forming close 
reverse bends, hems, 
material with wire 
edges, tabs, rectangles, 
squares and tapered 
shapes are illusirated 


NOTCHING—shows 
how to notch sheet mo- 
terials up to 16 gouge 
without using heavy 
presses and dies 


SPRING WINDING — 
illustrates how you can 
make a variety of ex- 
tension and compres- 
sien springs in your 
own shop 


Ол 
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When you're ordering CUP 
WASHERS for binding screws; 
FLAT WASHERS; SPRING 
TENSION WASHERS, spheri- 
cal or form rim type, whether 
you want them made from 
spring brass, phosphor bronze, 
or spring steel, and tempered: 
save yourself money by buying 
from the manufacturer. 


The Whitehead Catalog lists 
hundreds of washer sizes; cable 
clips; pipe, conduit, and wire 
clips; burrs, plugs, spacer 
shims, retainers, gaskets. Write 
for this catalog and—buy 
what you need from it— 
Economically! 


WHITEHEAD 
STAMPING CO. 


Wem 
EST.1903 


1679 W. Lafayette Blvd. 
Detroit 16, Michigan 


FOR FAST HELP 
ON DESIGN PROBLEMS 


. . . Consult the 


PRODUCT INDEX 


of this DESIGN DIGEST 
ISSUE 


(Begins on Page 12) 


Every product advertised in this 
issue is indexed there for ready 
reference. 


Among them may be exactly 
what you need right now. 


The advertisements for all these 
products will give you many useful 
ideas . . . and more information is 
quickly available from each adver- 
tiser. 


To get any additional facts 
you want, use the handy post cards 
in front of the issue, or the cou- 
pons you'll find at the end of each 
DESIGN DIGEST ISSUE Section. 
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USE TIME-SAVING 
COUPONS BELOW 


. « . fo request further information on 


all products advertised in this Digest Section 


. . . fo request your copies of product catalogs 


and bulletins listed and described in this section 


( you will find similar coupons at the end of each Digest Section ) 


Consult the Product Index begin- If you have specific questions to ask about any 
ning on page 12, when you want product advertised, a letter direct to the manu- 
all available information on a facturer, at the address given in his advertise- 
particular type of product; this ment, will be welcome. For clarity and prompt 
Product Index is your guide to all service, include reference to PRODUCT ENGI 
advertisements in this Design Di- NEERING's Product Design Digest Issue, and 
gest Issue by manufacturers of page number of the advertisement prompting 
this type of product. your letter. 


Circle these numbers for further information about Circle these numbers for further information about 
advertisers appearing in this section advertisers appearing in this section 


026-7 028 029 030 D31 D32 D33 034 035 026-7 028 029 030 031 D32 D33 034 035 
036 D37 038 039 040 041 042 043 044 D36 D37 D38 D39 040 041 042 D43 D44 
D45 D46 D47 D48 D49 D50 051 01.52 0852 D45 D46 D47 D48 D49 050 051 DLS2 DRS2 
D53 054 D55 056 057 0D58-9 DT60 DBL60 DBR60 D53 054 055 056 057 0D58-9 DT60 DBL60 DBRGO 
D61 D62 D63 DTL64DBL64D65 DL66 DTR66 DBR66 D61 D62 D63 DT64 DB64 D65 DL66 ОТН66 DBRS6 
DR67 DR68 D69 D70 071 072 


Circle these numbers for your copy of bulletins Circle these numbers for your copy of bulletins 
listed in this section listed in this section 


P1 P2 P3 P4 P1 P2 P3 P4 
P13 
P21 P22 P19 P22 
P28 P31 
P37 
P46 


COMPANY COMPANY 
BUSINESS ADDRESS BUSINESS ADDRESS 


CITY, STATE CITY, STATE 





NEW BOOKS 


Power Transmissions 


Design Manuai for Roller and 
Silent Chain Drives. 8/44 x 11 m., 
95 pp. Roller and 
Silent Chain Manufacturers, 7601 
Central Ave., c/o Morse Chain Co., 


Detroit 8, Mich. $3.50. 


issociation of 


[his design manual is sponsored by 
Roller Silent 


Chain Manufacturers, whose objectives 


the Association of and 
ie "to develop and promote standards 
of sound manufacturing and engineer 


ni practice 


Ihe contents and arrangement of 


he manual are based on advice ob 


tained from replies to questionnaires 
sent to colleges and professors experi 
enced in the field of mechanical engi 
neering. The manual therefore is useful 
both to practicing engineers, purchas 
ing agents, and to engineering students 
and their instructors 

After a brief review of the develop 
ment of chain drives since early days, 
the manual discusses: Manufacture of 
roller chain drive components; appli 
cation of these drives to specific serv 
ices; Maintenance to ensure long serv 
ice life; design and installation of an 
inverted tooth silent chain. Numerous 


sample worked out 


problems arc 
throughout the book, and tables and 
charts are included for simplifying the 


selection of chains 


Calculation of Change Gear Ratios 
by Eric H. Wang, 815 x 11 
paper-bound, 116 pp. 

from Eric H. Wang, 601 
Drive, Xenia, Obio. $3.50. 


in., 
Ivailabl 
Monroe 


[he author has developed a method 


of calculating gear ratios that approach 


desired value, expressed in the form 


IS said с enabk 


usable 


shorter time than is possible with any 


ot a decimal, whict 


one to find more ratios in a 


| 
ther known systen 
tables und 


the bulk of th« 


IS Said to 


Requiring the f 


cto! 
arts that Y | Im 
11 па пак‹ uj 
nave 


' | кеа. 
book, this method als 


hese additional advantages 


|. No calculating machines are 
gh they can be 


essary althou 


1 
ivantage if they are available 


All the mathematical knowle 


D74 


necessary, after the desired ratio is 


presented in the form of a decimal, is 
confined to elementary operations like 


iddition, subtraction, multiplication 


and division of whole numbers and 


decimals; and extension, reduction and 
cancellation of a fraction without 
changing its value 

3. No knowledge of logarithms or 
other advanced mathematics is re 
quired 

í. Error made can easily and closely 


1 


be estimated at a glance without re 


sorting to longhand, machine, slide 
rule or logarithmic calculations 


Method 


result, 


must lead to a suitable 


if there is one within the defined 


limits, by simply following through 


There is no necessity for starting anew 


with other assumptions if a certain 


chain of possibilities is exhausted, or 


de sign 


of changing the helix angle 
of the gear to be 


о Мо cala 


whether one 


produced 
jations ar« necessary to 
letermin« is still within 
the desired limits or not 

It is possible, in a very short time, 
to find 


the calculator to choose from them thc 


enough gear ratios to enabk 


most convenient ones. For example, 


one which makes possible the use of 
gears in stock or the one that gives a 
ratio closest to the wanted ratio, or 
oth conditions combined 

8. It hours, even 


takes only a few 


for the inexperienced, to learn how t 


ipply this method 


9. Can be used to improve gear 
tios as well as to find ratios to satisfy 


a given value 


American Standard System for 
Straight Bevel Gears. 814 x 11 in., 
9 pp, paper-bound. Published by 
imerican Society of Mechanical 
Engineers, 29 W. 39 St., New York 


6,79. Е. 97. 


This system (ASA B6.13-1955) for 
the design of straight bevel gears is a 
development from a system originated 
by the Gleason Works and adopted by 
the AGMA in 1922 


made in the 


and revised in 


940. Changes present 
revision (1955) are slight in 


reases in clearance and whole depth 


which are proportionately greater in 
the case of fine-pitch teeth; (2) some- 
what different proportional tooth thick 
nesses of pinion and gear for approxi 
mately equal strength as determined 
by improved methods of analysis and 
design; and (3) adoption of 20 deg 
as the pressure angle, instead of 1414 
deg as previously. Information regard- 
ing angular gears is added 

The text pages describe the general 
basis of the system and show the cal 
culations used to obtain the tooth pro 
portions and blank dimensions. This 
Standard was prepared with the co- 
operation and approval of the AGMA 
Bevel Gearing Committee. It was pre- 
ASA Sectional Committee 
(B6) on the Standardization of Gears 


sented to 


by its Subcommittee on Straight Bevel 


Gears 


Engineering Standards for Multiple 
V-Belt Drives. 8/5 x 11 in., 23 pp, 
paper-bound. Available from eitber 
the Rubber Manufacturers’ Assn., 
Inc., 444 Madison Ave., New York 
22, N. Y., or from tbe Multiple 
V-Belt Drive & Mechanical Power 
Transmission Assn., 27 E. 
$1., Chicago 3, Ill. $1. 


Monroe 


Data in the manual are based on 


latest engineering opinion and re 


search, and indicates proper sheaves 
and belts for optimum efficiency and 
economy 

Basic changes in the revised manual 
include ten pages of new horsepower 
These take 


drive ratio as well as belt length. Man 


ratings into consideration 
ufacturing tolerances have been shown 
for basic sheave groove profile dimen 
sions both for standard and deep 
groove sheaves. In addition, matching 
limits for sets of belts have been revised 
in the interest of better belt matching 

The 


on: standards; groove dimension and 


publication includes sections 


tolerances for sheaves; standard key 
seats; quarter turn drives; prime mov 
er characteristics and relationship to 
factors; 


service required horsepower 


ratings ind horse power ratings ot 


multiple V-belts 
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Power 


Transmission 


Causes of Sleeve Bearing Failures by Anthony F. Kaminskas 

Bearing Loads on Geared Shafts by Zbigniew Jania 

Short Cuts That Speed Solutions of Gear Design Problems by Nigel Akerman 
Fine Pitch Precision Spur Gears for Driving Small Units by R. M. Gitlin 
Serrated Clutches and Detents by L. N. Canick 

Engineering Standards for Multiple V-Belt Drives 

Ten Types of Belt Drives by George R. Lederer 

Methods for Reducing Pulsations in Chain Drives by Eugene |. Radzimovsky 


Friction Devices for Intermittent Rotary Motion by W. M. Halliday 


General 
Engineering 


Metais and 
Alloys 


Nonmetallic ~ 
Materials and 
Finishes 


Fabrication 
and Production 
Processes 


Power 
Transmission 


Mechanical 
Parts and Design 
Analysis 


Fastening 
and Joining 


Motors, Engines 
and Controls 


Electrical 
and Electronic 
Components 


Hydraulic 
and Pneumatic 
Equipment 





Fig. 1—Conventional babbitt 


bearing 
about 0.020 in. babbitt thickness on steel. 


normally have 


Relatively soft 


lining material makes it adaptable to slight shaft misalign 
ment, conform to poorly machined surfaces, and to tolerate 
a high amount of foreign material in the lining 


Fig. 2—Bearing life increases as 


lining thickness decreases. Curve 


in 


is for a 


Bobbitt thickness, 


о 50 100 150 200 250 300 
Bearing life, hrs 


from: Iron and Steel Engineer 


intermediate 
unit load of 1330 psi. Sleeve bear 
ings are designed for light, inter 
mediate and heavy 


maximum 


loads 


Fig. 3- 


Fatigue failure caused by 


foreign material be 


coming embedded in back of bearing causing a raised area 
lop, fatigue failure on bearing surface. Bottom, back of 
bearing showing dirt causing the bearing failure. 


Causes of Sleeve Bearing Failures 


Failures are caused by fatigue, wiping and 


seizure, corrosion, wear and scoring, and erosion. 


Remedies for failures may be classified under two headings: good design and good maintenance. 


ANTHONY F. KAMINSKAS 
Product and Field Engineer 
Cleveland Graphite Bronze Co. 

SLEEVE BEARING FAILURES may be 
classified into five general types. Thesc 
are: 1) fatigue; 2) wiping and seizure 
) ) corrosion; 4) wear and scoring; and 
5) erosion. A failure is surrounded 

ith a set of circumstances or condi 
tions that permit the failure to be 
interpreted and remedied 

Since sleeve bearings perform under 
conditions ranging from splash or 
grease feed to high pressure feed, from 
low speeds to 50,000 rpm, from no 


filtering to full flow filtering, the bear 


E2 


ing materials and constructions are of 

fuller 

standing of the failure types 
Basically, there 


prime importance tO à under 


are three ranges of 
load service combinations that must be 
met by sleeve bearings. There are sev 
eral variations in materials available to 


satisfy these combinations. The three 


common types are 


|) Conventional thickness of bab 


bitt on steel back for low loads 

2) Thin babbitt of 0.002 /0.007 in 
on steel back for intermediate loads 

3) Trimetal bearings of steel back, 
layer and 


copper-lead intermediate 


thin babbitt surface for heavy loads 


Shown in Fig. 1 is a conventional tin 


or lead-base babbitt bearing of about 
0.020 in. nominal babbitt thickness on 
steel which is considered to be the best 
bearing materials within its range of 
load carrying capacity. It has low in 


herent friction, a high degree of em 


beddability, and a low rate of wear 
between it and well finished journals 

Bearing life increases as babbitt 
typical 


0.002 


thickness, Fig decreases 


lining thicknesses range from 


to 0.005 inches 


Bearing Fatigue Failures 


A straight fatigue bearing failure is 
defined as the repeated overstressing 


of a bearing until minute cracks ap 
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Fig. 4—Fatigue failure caused by dirt embedded on the 
Many such fatigue failures can 
filtration supplying clean oil. 


inside surface of bearing. 


be remedied by proper 


Fig. 5—Fatigue failure caused by overstressing the bear Fig 
ing metal at the outer edges. An hour glass journal on a 
tapered shaft is the usual cause of failure. Properly sized 
journals will usually prevent this type of failure. 


pear. As the number of cracks increase, 
small particles are liberated and washed 
away by the lubricant. Fatigue failures 
of this type are generally caused by 
ontaminated oil carrying foreign par 
dcles or overstressing of the bearing 
metal of the outer edges 

The bearing shown in Fig. 3, Top, 
has a small localized area of fatigue 
Failure may have been caused by dirt 
or other foreign matter adhering to the 
back and causing a raised section in 
the bearing. Fig. 3, Bottom, is the back 
of this bearing showing embedded dirt 
Design corrections might include a 
better packing system or the inclusion 
of a filtering unit to keep dirt from 
entering the bearing housing 

A similar failure is shown in Fig. 4 
This failure was caused by dirt embed 
ding itself 
rather than the back. Although embed- 
dability is a valuable bearing charac 


into the inside surface 


teristic, each dirt particle does displace 
some metal to cause a raised surface 
The raised surface is repeatedly over 
stressed and eventually fails in fatigue 


Overstressing the bearing metal at 
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the outer edges caused: the failure of 


Fig Usually an hour glass journal 
on a tapered shaft will cause such 
failure. Good dimensional control ap 
plied to the journal will usually correct 
this type of failure 

Another common type of fatigue 
failure is caused by high temperature 
Operation as shown in Fig. 6. Appear 
from 


ance of this failure is different 


abov c 


chanics of failure differ 


the and in addition, the me 
Here the den 
dritic copper structure is robbed of its 
main supporting metal, lead, until the 
imposing loads are carried exclusively 
on an unsupported dendritic copper 


matrix. Since the unsupported den 
dritic copper structure possesses little 
strength, it soon bends over and breaks 
enabling larger areas to fall away 
Poor bond between the backing ma 
terial and the bearing alloy may be first 
blamed. However, poor bond is char 
breaks of 


many 


acterized by clean larger 


sections rather than fine cracks 
in the area of failure 
Cooler operating temperature is the 


normal remedy for high temperature 


1956 


E POWER TRANSMISSION 


Fig. 6—High temperature caused the fatigue failure of 
this copper lead bearing. Note the discoloration of the steel 
at the bond line, indicating an excessive temperature 


7—Excessive dirt in bearing will raise the tempera 
ture and cause failure. Severe wiping and seizure failures 
are rare since increased temperature and loss of oil pressure 
give sufficient warning of bearing trouble 


fatigue failures. Some design aspects 


which also require checking are: L/D 


ratio, is the bearing too long for its 


diameter; clearances, are they large 


enough with a tolerance buildup 


j 


speed, is the size of bearing and clear 


ance sufficient for shaft rpm; oil, is 


fresh oil continually lubricating the 
bearing 

Others include: oil restriction; sur 
face finish: alinement: and journal di 


mensional control 
Wiping and Seizure Failures 


Wiping and seizure results from a 
lack of complete oil film between the 


This 


temporary condition that does not lead 


journal and bearing may be 


to complete bearing failure, or it may 


be a progressive type of failure that 
ends in complete disruption of the 
bearing surfaces 

Complete seizure of babbitt bearings 
is rare. Seizure is detectable by a loss 
of oil pressure, temporary increase in 
and an in 


Operating temperatures 


creased level of engine noise. If seizure 


weld to 


E3 


does occur, the journal may 





Fig. 8—Failure caused by insufficient clearance. Shiny 
bearing surface is an excellent indication of wiping. 


Fig. 10—Corrosion failure of lead-base babbitt is indi- 
cated by fine grayish powder on surface. Tin-base babbitt 
bearings appear to be free of any corrosion tendency. 


back 
been sufficiently displaced 

Dirt embedded in the babbitt bear- 
ing to a degree greater than the babbitt 
can effectively accommodate, as shown 
in Fig 
bearing journal with a resulting in- 
crease in surface temperature. Once 
the source of dirt is located an effec- 
tive remedy may be made 

A wiped bearing surface caused by 


the steel after the babbitt has 


will score and abrade the 


insufficient initial clearance is shown in 
Fig. 8. A good bearing surface under 
satisfactory conditions has a dull ap 
pearance. In some instances, the sur- 
tace is coated with a varnish formation 
or protective film. When the surface is 
shiny or lightly wiped, the oil film has 
not completely insulated the journal 

An analysis for the cause of wiping 


should include investigation of operat 


ing temperatures and measurement of 
mating parts for improper assembled 
measurements of 
bore 
should be made since the press fit of 
the bearing usually distorts the bore to 
give increased clearances over the cal- 
culated values. 

Wiping and subsequent seizure may 
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clearances. Accurate 


the bearing assembled in the 


Fig. 9—Misalinement between journal and bearing may 
cause wiping and subsequent seizure. Babbitt bearings will 
usually wipe until a new surface is produced that permits 
redistribution of the load over a greater area. 


Fig. 11—Combination of corrosion and fatigue failure. 
Corrosion weakens the normal bearing structure and con- 


occur if there is misalinement between 
the journal and its bearing. This occurs 
because the load is not evenly dis- 
tributed and the resulting edge pres- 
sures force the shaft to break the oil 
film 
tapered shaft condition that has caused 
a partial decrease in clearance with re- 
sultant wipe of the babbitt until a new 
surface is produced that distributes the 
load over a greater area. This is one 
babbitt has an ad- 
fatigue strength 


Fig. 9 shows a bearing with a 


condition where 
vantage over high 


bearing alloys 
Corrosion Failures 


Among the many types of bearing 
failures, corrosion is probably the most 
difficult to identify by visual inspec- 
tion. Complete metallographic checks 
combined with X-ray and bearing frac- 
ture tests are required for positive 
since the structural 
cannot be with low 
power magnifying lenses 


identification, 
changes seen 

Corrosion is also difficult to detect 
because it frequently results in early 
fatigue caused by a weakened structure 
The best visual clue is in the location 
of the surface distress. Generally, cor 


tinued breakdown of the structure leads to a fatigue failure. 
High tin plated copper lead bearings resist corrosion until 
the protective plate is ruptured or worn away. 


rosion will attack the complete bearing 
surface, while fatigue is usually con 
centrated in a given area 

Corrosion of lead-base babbitt is 
rare but possible with some lubricants 
A fine greyish, powdery surface, Fig 
10, is an indication of corrosion 

The overlay of the trimetal bearing 
is effective in reducing surface sensi 
tivity to seizure, increasing fatigue life 
and offering protection from corrosion 
Because of the usually good resistance 
of babbitt to copper- 
lead layer underneath a plated or cast 


corrosion, the 


babbitt lining is not exposed unless 
When the 
copper-lead layers are subjected to cor- 
rosion, the free lead between the cop- 
per dendrites is ordinarily the element 
attacked. Once corrosion begins, the 
normal structure is weakened and con 


scored or worn through 


tinued breakdown of the surface will 
lead to premature fatigue failures, Fig 
11. This type of failure is often con 
fused with ordinary fatigue 

The cause of corrosion type bearing 
failure presents a problem. Abnormally 
high engine temperatures cause rapid 
increase in lubricants 
Continued cold operation can result in 


oxidation of 
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13—Wear and scoring is usually an intermediate 


stage of failure leading to wiping, seizure and fatigue 
Improper oil filtration or dirt are the primary causes. 


12—Fretting corrosion apparently causes failures 


because of vibration breaking down the thin oil film. Fret- 
ting appears as a dark oxide formation and surface disrup- 


tion caused by metal-to-metal transfer. 


Fig. 14—Rough surface finish on a shaft may cause wear 
and scoring on the bearing. Often a journal may be ground 
to an acceptable rms finish, however, undectable fuzz may 
cause high points that are only removed by polishing. 


formation of corrosive elements trom 
decomposition of fuel in the presence 
of crankcase condensation 

More frequent oil changes may al- 
leviate the condition. Also, a properly 
fortified premium oil may be the an- 
swer. However, economically it may be 
cheaper to reduce the number of oil 
changes and use an inexpensive oil and 
set up a periodic bearing change-out 
schedule. Each individual corrosion 
failure should be decided separately 

Fretting corrosion, Fig. 12, appears 
on applications where the journal and 
bearing are thought to have little rela- 
tive motion, but induced or 
forced vibrations are present. Common 
examples include: guide and axle bear- 
ings, king pin bushings, connecting 
rod bearing backs, and gear bearings 

The high frequency vibration in 
such applications may break down the 
oil film and cause metal to metal trans- 
fer. Prolonged fretting may result in 
a dark oxide formation in conjunction 
with a disruption of the surface. 

When 


pected, the direction and location of 


where 


fretting corrosion is sus- 


the motivating forces should be ex- 
amined and a remedy that will tend to 


lessen the vibration should be applied 
Wear and Scoring Failure 


Wear and scoring may be a particu 
lar type of failure by itself, but more 
usually it is only an intermediate stage 
which will progress to wiping, seizure, 
or premature fatigue. Dirt in the lubri- 
is the primary cause. Fig. 13 
shows a scored bearing 


cant 


A frequent source of dirt is im- 
proper cleaning of an engine during 
maintenance. Metal chips, grinding, or 
lapping compound, may abrade and 
wear shafts as well as lapping bearing 
surfaces. This results in excessive clear- 
ances and high oil consumption 

When shaft surface finishes are too 
rough, Fig. 14, the high peaks of the 
journal may actually contact the bear- 
ing surface. In babbitt, the grind pat- 
tern on the journal may be transferred 
to the bearing surface. A heavy duty 
bearing may not wear but fail in sei- 
zure. Journals should be polished after 
grinding to remove the undetectable 
fuzz which does not affect smoothness 
readings 

Remedy for wear and scoring failure 
is the elimination of dirt and the main- 
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Fig. 15—Erosion failure of a gear bushing. This type of 
erosion is commonly found in bearings associated with gear 
trains, or applications of high rotational speeds with high 
frequency shock loads. Note pitted areas. 


taining of smooth journal surfaces 


Erosion Failure 


A more infrequent cause of bearing 
failure is erosion. It may appear in a 
simple form with a washing action on 
the bearing surface, leaving a 
pattern, probably from the 
pressured flow of lubricants with or 
without foreign particles; or it may 
appear as Cavitation erosion 

In Fig. 15 is an advanced picture of 
erosion. Visual magnified analysis will 


hen- 
tracked 


show an irregular depth in the pits. In 
general, erosion leaves the bottom and 
sides of such cavities smoother than 
produced by 
freedom from cracks 

Erosion may be remedied by changes 
in lubricant viscosity, breaking-up the 


cavities fatigue, with 


velocity of lubricant flow, and improv 
ing gear tooth engagement 


REFERENCE 


“Antidotes for Sleeve Bearing Failures” 
by Anthony F. Kaminskas, Product and 
Field Engineer, Cleveland Graphite Bronze 
Co., Div. of Clevite Corp., Cleveland, Ohio 
Published in Iron and Steel Engineer, Ox 


tober, 1955 





Force F ont 


on tooth of 
driven gear 


Bearing Loads on 


Geared Shafts 


ZBIGNIEW JANIA 


Engineer, Ford Motor 


PROBLEMS THAT INVOLVE bearing 


loads imposed on a shaft, on whicl 


two or more driven iriving gears 


ıre fastened, usually require that boti 


the magnitude and the directions of 


the bearing loads or reactions be found 


Such problems can be solved graphi 


cally when the magnitudes and direc 


tıons of the forces upon the gear teeth 


ıre known 


1 


For evaluating bearing loads, mos 


techniques resolve the tooth forces act 


ing on the gears into tangential and 
] 


adial components and then solve for 


conditions of equilibrium 


A graphical 


method, which is less complicated, is 


here described wherein the tooth force 


and reaction forces 


be resolved into 


t nal components 

In Fig. 1 is shown a tooth of in 
volute profile on a driving gear and the 
tooth load or force that is imposed on 
the tooth of the mating driven gear 
In the plane of the gears, the line of 
the reaction to the force exerted by th« 


driving gear is 
| 


Opposite in direction 


and passes through the axis of its 


W here 


shaft 


T =torque transmitted bv the gear, lb in 

D pitch diameter of the gear, in 

F =tooth load or force applied in the line 
of tooth action, lb 


ire ingle 


- Tooth of 
driven gear 


X 

Reaction № оѓ 
shaft to force 
exerted by 
driving geor 


tooth load is calculated from 


} 21 D cos 


Since a parallel displacement of a 
single force through a given distance 
can be effected, without disturbing the 
equilibrium of the system, by adding 
to the system a moment equal to the 
product of the force and the distance 
it is moved, a tooth load F can be re 
ferred to a plane that is perpendicular 
to the axis of the shaft and that passes 
through a supporting bearing by add 
ing the appropriate moment to the 
system 

force Fı 


For example, in Fig. 2 the 


of the tooth load imposed on gear B is 
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equivalent to an equal parallel force Table I—Summarized Data for Constructing Vector Diagrams 
applied in a plane perpendicular t 
the axis of the shaft passing through Се ся Dist. Siena 
point X plus a moment equal to the Bearing | Ref. Point X 
product of the tooth load Ё, апа (ће 
arm $. In establishing a moment, a 
sign convention must be adopted t 
distinguish between clockwise and 
counter-cloc kwise directions 
For a shaft supported in two bear 
ings and having two or more gears 
tastened tO it, to maintain equilibrium 
the resultant of the moments intr 
duced by referring their tooth forces to Fig. 5 - Moment vector diogram 
the plane of one bearing must be equal 
and opposite to the moment of the r« 
action of the second bearing about th« 
first bearing ү 
The moment of the reaction of the 
second bearing as referred to the first 
bearing is readily found by means of 
moment vector diagram. With this S b. «621 ib.-in. 
moment known, the reaction load at cF.* 608 ib.-in. 4 " 
the second bearing is the moment 
divided by the distance between the 
bearings 
Since the forces acting on the gear 
teeth plus the bearing reactions on the 
shaft must also be in equilibrium, the 
reaction of the first bearing on the 
shaft can be found by closing a forc Fig. 4-Force vector diagram 
vector diagram of the forces acting on 
the gear teeth including the reaction 
of the second bearing on the shaft as 
found from the moment vector dia 
gram 
This procedure, which is set forth 
in the following example, of calculat ғ 121 ip 
ing loads on bearings can be applied to 
shafts carrying any number of gears 
The method, however, is limited to 


cases that are statistically determinate 


í ' P Torque on center shaft 
EXAMPLE. Find the bearing loads act 


ing on the central shaft of the gear 1007 2 x 4.00 


train shown in Fig. 2; for which th« 1.79 х2 
given data are — | Wish ihe anak 

р kno t or 
Pressure angle @ of f Pı; known, the force 
Fig. 4, can be drawn 


gnitude and 
› те {о ! 1 "n deg з 
Pitch diameter of ge: i tion of beariae 1. On 


grees 
irect 


2.00; B 50; ( 
1 ™ ; B 1.50; 228 100 


Moment arms, in 


a= 1.50; b =3.50; After performing thes 


the data needed to constr 
Angles, deg; a= 55; 8B = 48; i diagrams are assembled in a summar 
Torque on driver = 100 Ib in as in Table I for ready reference 
Torque delivered by А f Draw the moment vector diagra all forces 
torque on center shaft Fig. 3, to determine the direction and been found, bending 


J 


Toraue delivered bv B н : 
l'orque delivered by / magnitude of the vector P shear diagrams for any 


torque on center shaft ; 
this diagram, it is found the shaft can be draws 
SOLUTION: Betore drawing the vector tor measures 


diagrams, calculate these data angular position ô of 
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Short Cuts That Speed Solutions 
of Gear Design Problems 


NIGEL AKERMAN 


Ihe Black & Decker Mfg. Company 


Gearing Wire Measurements 


A CONVENIENT WIRE SIZE to use when calculating gear 
728/P. However, if the wire falls below 
the tops of the teeth, making measurement difficult, the 


measurements is | 


designer can use the next larger size wire and make the 
appropriate exact Computation 

The results obtained may then be checked approximately 
by using the following formulas for gears with a 20 deg 
pressure angle 

M 


N + (2.28G 1.94 N 


N + (19.076; 


20.7 1G 


26.80 


29.15 


When using a desk calculator, calculate each expression 
in parentheses, then add the number of teeth and use the 
resulting bracketed expression directly in the machine. 
This applies to gears cut to “standard” pitch diameters. If 
an enlargement is used, add the following increment 

0.3052 
0.7814 — Q D 

This expression is usually accurate within 0.0007 in. for 
fine pitch gears 

For decreased gears, subtract the following amount 


S + 0.16) AD 


AM 0.166 + 2/(N + 6 


tor AM are 
728/P wires 


These expressions also useful as a check 


when using 1 


Factoring Gear Ratios 


This method of finding a four gear train approximating 
a given decimal ratio was devised especially for desk calcu 
lating machines. It extends the method described by H. C 
Gray in PRODUCT ENGINEERING, June 19535, page 215 

Let r represent the number to be factored, and let it 
equal some fraction T/U. Then 7 rU. If the 
, 0.2571639 


ratio is 
0.000001, set it up in the calculator key 
board and multiply by some value of U found by trial: 

І 6630.0000 


7 01704.995264700000 
25716369 


Multiplier Dial 
Product Dial 
Kevboard lox ked 


The remainder in T is 0.9952 a perfect solution 
would have zero for a remainder. To test the acceptability 
of the solution, make a rough multiplication of U by the 


allowable error in r, to find the remainder limits 


6630 0.000001 
Complement 


0.00663 
0.99337 


Since 0.995 is within the limits, try factoring 1705/6630 


SYMBOLS 


Wire measurement for P 1.0, even number of 
teeth. (Divide by pitch for the final result 
Number of teeth 

: Wire size corresponding to 1P, or the product of P? 
and actual wire size 
[Increase or decrease of measurement 
Enlargement or decrease from "standard" P 
The portion of 1 pitch measurement to the right of 
the decimal point, found in 20 deg, 1.728/P, ex 
ternal spur gear even teeth measurement tables 
such as published by Van Keuren 
Diametral pitch 
0.18/(1.161 PAD) (Be 
rect sign 


sure to use AD with cor 


by use of factor tables which results in 31/78 x 55/85. The 
equivalent ratio is 0.25716440, exceeding the given ratio 
by 0.00000071. 

In actual use, the above method is developed further so 
that only T will require factoring. Represent the gear train 
by A/B x C/D, in which A, B, C and D are numbers of 
teeth. If Ac T, then r = T/BD, or rD = T/B. Choose 
gears of D teeth, starting at one (preferably the high) end 
of the range of acceptable values of D. Form an auxiliary 
rD; for example, 21.858914 0.25716369 
85, assuming that an 85 tooth gear is the largest to be tried 
Suppose that 85 is also a good trial value of B. Multiply r’ 
by 85, then 84, 83, 82, etc. until, when 78 has been reached 
by successive subtractions of r’, the setting will be: 


ratio r’ 


B = 078.00000 
T = 001704.99529200000 
r 21.858914 


Multiplier Dial 
Product Dial 
Keyboard 

With the aid of factor tables, 1705 will make 31 X 55, 
and the gear train 31/78 55/85 can then be formed. 
The remainder limit in this case was 85 X 78 0.000001 
= 0.00663, and its complement 0.99337 

If D = 85 had not produced a solution, then D 84 
and r’ = 0.2571639 84 would have been tried next, then 
D = 83, etc., until a solution appeared. 

In the above example, with D 85, there would be no 
need to try values of B less than 84/2 because the smaller 
numbers would be equivalent to their multiples already 
tried. 

A little experience will detect certain “wave lengths” or 
interval patterns between those values of T having small 
remainders, so that intermediate values can be passed over 
quickly 

In addition to rapidity of solution, this method will be 
found, by systematic use, to yield all possible solutions. 
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Fine Pitch Precision Spur Gears 


For Driving Small Units 


R. M. 


Cr h 


GITLU 


5 i 


ÎN THE DESIGN OF FINE PITCH PRECISION GEARING 
ployed in instruments, servomechanisms 
other similar equipment, the accuracy of 
is usually the prime consideration 
In these applications, the 
hey usually rotate a pointer, a potent 
| similar output transmitter. Gears havin, 
of 64 or fıner generally satisfy 
these elements 
Frequently, however 5126 
imposed on the mechanism, part 
ment. Under these conditions 
yield stress of the gear materia 


1 


allowable stress in the design of 


The maximum torque imposed on thé 
developed when the year train 


or when the output element is Iriv 


travel where it is stalled by cont 
During normal operation, considerably 
transmitted through the gearing 


In gear trains that are 
ind the torque developed 


the maximum torque impos: 


Table I—Yield Strength and Stress Ratio of 
Various Materials 


Gear Materi 


3140 Steel *70.000-150.000 
Stainless Steel 416 *50,000-115,000 
Aluminum Alloy 24 S- T4 000 
Stainless Steel 303 30.000 
Phosphor Br 126 2 000 
SAE 1020 000 
Brass 20.000 
Phenolic 000 


Nvlon 000 
* Depends upon h« 


able II—Lewis Y Factor (Circular Pitch) 
20 Deg Involute Full Depth Teeth 


Number Number 
of Teeth r f Teeth 


077 
083 
088 
092 
094 
096 
098 
100 


ACKNOW LI 


Mr. Hale Sı 
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N. CANICK, 5 


IN THE DESIGN 


or the forces 
llowing equation 


"wn in 


all other terms have con 


| axial force, or 
Ti nsmiut a 
v. id of K increases 
letent whe« in d 
ctive clutch, or у і ndent uj the l at u, th ılue of K can 
"or radial 
tangential for lus fi " ) 
: 1 € gran n 1 Ig relates the values 
reaction force 1; I t r detent t n ) é 


ott LOK ISK equation 
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К = (1 + yw tan @)/(tan@ — u 


EXAMPLE I. Find the maximum tooth angle for a self 
locking clutch, or for which K is infinity, taking the coefh- 
cient of friction as 0.4 minimum 


SOLUTION I. Line I through these values for K and џи оп 
the nomogram gives a maximum tooth angle slightly less 
than 22 deg for the self-locking condition 


EXAMPLE II. Find the minimum value of K to be expected 
for a clutch having a tooth angle of 30 deg and a coefficient 
of friction of 0.2 minimum. 


SOLUTION II. Line II through these values for 6 and p» on 
the nomogram gives a value for K of 3 approximately 


E POWER TRANSMISSION 


EXAMPLE III. Find the value of K for a flat-face 
90 deg) friction clutch, the face material of which has a 


g equalis 


coefficient of friction of 0.2. Compare its torque transmı 
ting capacity with that of the toothed clutch of Example Il 


SOLUTION III. Line III through these values for ĝ and p on 
the nomogram gives a value for K ot 0.2 
Torque transmitting capacity of flat-face clutch 
Т =0.2ЕЁ 
Torque transmitting capacity of toothed-clutcl 
Г = З.К 
Thus for equal effective radii and engaging forces 
torque capacity of the toothed-clutch 1s 3/0.2, or 1 


greater than that of the flat face clutch 


Tooth angle, © 


0.1 0.5 I 





2 


3 a 0 50 





ال depe fete tte‏ با سو بل ++ 


1+ д ton 6 


тап Ө-д 


\ 


K 


oo 
f 


| 


N Coefficient of friction, U 
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From: Multiple V-Belt Drive Association 


Engineering Standards for 


Multiple V-Belt Drives 


MULTIPLE V-BELT DRIVES are extensively used to power 
production machines. Proper sheaves and belts assist in the 
attainment of optimum efficiency and economy of the com 
plete drive in relation to the particular duty required. The 
Multiple V-Belt Drive & Mechanical Power Transmission 
Association, Chicago, Illinois, and the Rubber Manufactur 
New York, New 


the following standards in using V-belts for power 


ers Association, Inc., York, recommend 


Table I 


The Rubber Manufacturers Association 


Sheaves. The outside rims or faces of sheaves 
shall be grooved to work in conjunction with 
standard multiple V-belts. Sheaves may be of 
cast steel other suitable material 


iron, or 


Sheave grooves shall be finished smooth and 
Table I 
angles and dimensions 
V-Belts. Standard belts consist 
fabric, combination of 
treated with natural or synthetic rubber compound, and 


all edges rounded shows groove 


ot 


these 


shall 


cord or any 
vulcanized together. Nominal cross sectional dimensions are 
in Table li. Table Ill 
standard pitch lengths 


Multiple V-Belts. General V-belt selection, Table IV, is a 


given indicates standard sizes and 


guide to proper belt selection. Table V and VI give sug 
gested service factors. Tables VII, VIII and IX are used in 


conjunction with the horsepower rating formulas 


Groove Dimensions and Tolerances for V-Belt Sheaves 


( All dimensions are in inches) 


File break all 
shorp corners 


< W- >» 


Groove 
ongle 


Face Width of Stock Standard 
and Deep Groove Sheaves 
Face Width =S(N —1)+2 E 


where 
N = Number of grooves 


| 
S - »«- E-» 


Pitch Diameter 


Groove 
Angle 
Min 
Ке 


mended 


Капе‹ D 


).031 


om deg 


3.0 26to5 


Over 5 


4 
4 


34 
38 


005 0.4900 


0 
0 


34 
38 


4.6 to 7 005.0. 580.0 


Over 


0 to 7 
0 to 12 


Over 12 


Q9 
0 
0 


34 
8 200 


38 


0 to 12 
0 to 17 
Over 17 


99 
0 
0 


34 
36 
38 


12 
13 007.1 0500 300 


18 0 to 24 


Over 24 


0 36 400 


38 


+0. 0101 . 300 0 


0 


“Grooves in any one sheave are to fit the individual sheave manufacturer's 
standard gaug« 
Summation of the deviations from 


shall not exceed 0.063 in 


S`’ for all grooves in any one sheave 


OUTSIDE DIAMETER ECCENTRICITY SHEAVE OUTSI 


Standard Groove Dimensions 


=0.031 


Deep Groove Dimensions 


S D 


* 0.031 


eS 
* 0.031 


0700 
000/0 


589 
611 


005 0.645 070 


000 


1500 
000 0 


747 


іи 


0050 150 


000 


1501 
000 1 


066 
085 
105 


150 


085 000 


513 
541 
569 


250 


0071.465 000 


s tO 
0 


816 
849 


+0.250 
0.000 


0101 
000 1 


Deep groove sheaves are intended for quarter turn drives and for long center 
vertical shaft drives. They may also be necessary for such applications as 
car shakers, vibrating screens and certain types of crushers where oscilla 
tions in the center distance may occur 


DE DIAMETER SIDE WOBBLE AND RUNOUT 


(All Sections) 


10.0 in. P.D. and under, 0.010 in 


Under 12.0 in. 
12.0 in. to 24.0 in 
24.0 in. to 58.0 in 
98.0 in. to 72.0 in 
72.0 in. and over 


NOTE: 


Add 
P.D 


0.0005 in. for 
up to 60.0 in 


each additional inch 


P.D 


о 


Ааа 
P.D 


E14 


each additional inch of 


P.D 


0.001 in. for 


above 60.0 in 
"a" 


0.001 in. per inch of P.D. up to 20.0 in. P.D 
Add 0.0005 in. for each additional inch of 
P.D. up to 60.0 in. P.D. 

Add 0.001 in. for each additional inch of P.D. 
above 60.0 in. P.D. 


+0.020 in. 
+0.040 in. 
1-0.060 in 
+0.120 in 
1- 0.250 in. 


means to but not including 
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Table II-- Nominal V-Belt Cross Sections 


NOTF The dimensions and cross sectional shapes are 
Belt : W nominal only. Actual cross sectional dimensions of 


А belts made by one manufacturer may differ from those 


of the same belt cross section made by another manu 


— — — — a 


B i 5 facturer. The cavities of all molds used by one manu 

C ] facturer for any one size of belt shall fit the individua 
manufacturer's standard gauge. Belts of different 
makes should never be mixed on the same drive, but 
standard belts of any one make shall operate 


standard sheaves 


Table III Standard Pitch Lengths 


Standard Pitch Lengths, in Standard Pitch Lengths, in 


*Stand Matching || *Stand Matching 
ard Standard V-Belt Cross Sections Permissible Limits ard Standard V-Belt Cross Sections Permissible Limits 
Length Deviations for Length Deviations for 
Desig from Std One Set Desig from Std One Set 
nation B D с Pitch in nation і в D J Pitch п 
Length, in. Length, in 


26 { +0 7—0 0.10 97 98 
31 А F0.7—0.: 0 10 105 


1.0—0 

1 

33 Я ьо 0 0.10 112 9.4 q 1 
tl 

1 


1 0 

I 0 
35 1 1 Д 8 +O 0 0.10 120 123 2 
38 3 


0 


ос 


О 


0 0 0.10 128 2 2 d 131 


42 
46 
48 
51 
53 


0 0 0 10 136 1 к 

0 0 0 10 144 8.1 147 
0 0.5 0.10 158 5 3 161 
0 0.5 0,10 162 165 
+0 0 0.10 173 ] 176.- 


0© 00 00 00 00 
— س‎ а а 


55 LO 0 0.10 180 183 .: 
+0 0.5 0.20 195 ] 198.: 
0 0.5 0.20 210 233.1 
+0 0.5 0.20 240 2 312 240 
H0 0 0.20 270 70.3|27 270 


8 
8 
8 
8 
8 


о ә о ~ ~ 


+O 0.: 0.20 300 d 3i: 300 
+0 0.5 0.20 30 3: 330 
+0 0.5 0.20 360 1 360 
F1.0—0.5 0.30 390 7 390 

1.0—0 0.30 120 2 420 


оо оо оо оо 


82 83 0—0 0.30 180 480 
84 | 0 —0 0.30 540 540 
86.3 86 87 0—0.5 0.30 600 600 
91.3) 91.8) 92 0—0.5 0.30 660 660 
96 97.3 98 ". 0—0.5 0.30 


To specify belt size use the Standard Length Designation prefixed by the letter indicating cross section, for example: B90 
Table IV—V- Belt Cross Section for Required H.P. Rating 
> 


To use the table proceed as follows: 





1. Multiply the horsepower to be transmitted 
by the drive by the proper service factor 
from Table V to obtain the design horse 
power 





Above the design horsepower horse 
power multiplied by the service factor 
and to the right of the rpm of the small 
sheave, find the belt cross section recom 
mended for the drive. 





When this point falls near the dividing 
line it is always desirable to investigate 
the possibility of both belt cross sections 





Example: For 25 hp at 1750 rpm investigate 
both B and C section belts 


Special circumstances such as space limita 
tions may lead to the choice of a belt cross 
section different from that indicated b; 
the table 
3456 810 20 3040 60 80100 200 300 


Horsepower X service factor 
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Table V—Suggested Service Factors 


ELECTRIC MOTORS ENGINES 


A-C , Gas and Diesel 


i Syn Single 
Squirrel Cage chronous Phase 
APPLICATIONS 


Torque 


3 or Less Cyl 


(Refer to Factory 


Line Shafts and 
Clutch Starting 


Normal Torque 
High-Torque 
Repulsion and 

| Split-Phase 
4 or More Cyl. 
Below 700 r.p.m 


(Slip Ring 
Compound Wound 


| 4 or More Cyl. 
Above 700 r.p.m. 


{ 


Normal Torque 
Line Start 
Normal Torque 
Compensator 
Start 
High 
| Wound Rotor 
| Capacitor 
Shunt Wound 


Agitators —Paddle-Propeller 
Liquid 
Semi-Liquid... 


Brick and Clay Machinery 
Auger Machines 
De-Airing Machines 
Cutting Table 
Pug Mill 
Mixer 
Granulator 
Dry Press 


Rolls 


Bakery Machinery 
Dough Mixer 


د د مه © ج ت ب 


Һә һә һә һә бә м ډه‎ һә 
- н на ма на на на на 
ج د + ی ج دج د د‎ 


Compressors 
Centrifugal. 
Rotary 


Reciprocating 
3 or More Cyl 
1 or 2 Cyl 


Conveyors 
Apron... 
Belt (Ore, Coal, Sand) 
Belt (Light Package) 
Oven 
Screw 
Bucket 
Pan 
Flight 
Elevator 


oon ھښ‎ 


оь рь о 


Crushing Machinery 
Jaw Crushers 
Gyratory Crushers 
Cone Crushers 
Crushing Rolls 
Ball-Pebble and 

Tube Mills 


Fan and Blowers 
Centrifugal 
Propeller 
Induced Draft 
Mine Fans 
Positive Blowers 
Exhausters 


*Flour—Feed —Cereal Mill Mach. 
Bolters and Sifters 
Grinders and Hammermills 
Purifiers and Reels 
Main Line Shaft Drive 
Separator 
Roller Mills 


Generators and Exciters 


Laundry Machinery 
Washers 
Extractors 
Tumblers 
Dampeners 


Flat Work Ironers 
Line Shafts || 1.4 1.4 1.4 1.4 | 2.0 1.4 1 


Ihe use of a service factor of 2.0 is recommended for equipment subject to choking 
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Table V—Suggested Service Factors (continued) 


ELECTRIC MOTORS ENGINES 


-— > Gas and Diesel 


Syn- Single 
Squirrel Cage chronous Phase 
APPLICATIONS б 


гу 


ss Cyl 
Fact« 


L« 


Refer t 


Compound Wound 
ог 


Normal Torque 
(Slip Ring) 
Normal Torque 
Capacitor 
Shunt Wound 


Split-Phase 


| Normal Torque 
| Compensator 


| Start 


| Repulsion and 


| Wound Rotor 


Machine Tools 
Grinders 
Boring Mills 
Lathes 
Milling Machines 
Screw Machines 
Cam Cutters 
Planers 
Shapers 
Drill Press 
Drop Hammers 
Shears 


Mills 
Pebble 
Rod 
Ball 
Roller Mills 
Flaking Mills 
Tumbling Barrels 


Oil Field Machinery 
Slush Pumps 
Pumping Units 
Pipe Line Pumps—Centrifugal 


Draw Works (Intermittent) 
Hoisting Service Factor Based on Total 
Engine H.P. (Continuous Rating) 
Electric Drive Factor based on Continu 
ous Rating of Motor 


Paper Machinery 
Jordan Engines 
Beaters 
Calenders 
Agitators 
Dryers... 
Paper Machines 


Printing Machinery 
Rotary Press 
Embossing Press 
Folders... 

Paper Cutters 
Linotype Machines 
Flat Bed Press 


лм м м ی کد‎ 
сл һә кә м у 


Pumps 
Centrifugal 
Gear.. 
Rotary.. 
Reciprocating—3 or more Cyl.. 
1 or 2 Cyl. 
Dredge Pumps 


Rubber Plant Machinery 
Calenders е 
Banbury Mills 
Mixers 


Screens 
Vibrating 
Conical. 
Revolving 


Textile Machinery 
Spinning Frames 
Twisters.. 
Looms. 

Warpers 
Reels 


NN һә 
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Table VI—Prime Mover Characteristics 


Prime Mover 


SQUIRREL CAGE MOTORS 


Normal Torque (Line Start 
Normal Torque (Compensator Start 
High Torque 


WOUND ROTOR MOTOR 
Slip Ring Туре 


SYNCHRONOUS MOTORS 


Normal Torque 
High Torque 


SINGLE PHASE MOTORS 


Repulsion and Split-Phase 
Capacitor 


DIRECT CURRENT MOTORS 


Shunt Wound 
Compound Wound 


DIESEL AND GAS ENGINES 


4 or More Cylinders (Above 700 RPM 
4 or More Cylinders (Below 700 RPM 


3 or Less Cylinders 


STEAM ENGINES 


Starting 
Torque 
Per cent 


110 to 150 
110 to 150 
200 to 300 


150 to 250 


110 to 125 
160 to 200 


230 to 500 
150 to 200 1 


to 100 
to 100 


Pull-Out 


Torque 
Per cent 


200 to 250 
200 to 250 
200 to 400 


200 to 250 


150 to 250 
250 to 400 


250 to 400 
75 to 200 


(150 Peak) 
(Momentary 


Load) 


1. Continuous Rating 
80 Per cent of Max. HP 


Rating 
2. Maximum 


Rating 


120 Percent of Continuous 
Rating at Normal Rated 


Speed 


Line Shafts and Clutch Starting (See Clutch Data) 


Constant or 


Variable 
Speed 


Constant 
Constant 
Constant 


Variable 


Constant 
Constant 


Constant 
Constant 


Both 
Both 


Constant 
Constant 
Constant 


Constant 


Selection of a V-Belt Drive for any 
application should be based on the 
nature of the load and the type of driv- 
ing unit. The service factor Table V 
correlates type 
various types of driving units 


the of load with the 

To obtain the horsepower capacity 
to be used in selecting the proper 
V-Belt Drive, multiply the rated horse 
power of the driving unit (name plate 
rating) by the service factor. 

The following service factor table 
is based on these prime mover char- 
acteristics which 


represent average 


conditions 


Table VII—Length Correction Factors 


Belt Cross Section, in 


Std 
Lengt! 
Designation B 


26 
31 
33 
35 


38 


42 
46 
48 
51 


53 


Std 
Lengt! 


Designation 


9 
105 
112 
120 
128 


136 
144 
158 
162 
173 


180 
195 
210 
240 
270 


300 
330 
360 
390 
420 


480 
540 
600 
660 


Belt Cross Section, in. 


B 
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Table VIII —Arc of Contact 
Correction Factors 


Arc of Contact 
on 


Correction Factor 


с POWER TRANSMISSION 


Horsepower Rating Formulas of 


Multiple V-Belts 


For standard quality belts: 


Small Sheave, deg 
180 
170 
160 
150 


140 


90 0.69 


A V-Flat drive is one using a small sheave 


flat pulley 


Arc of Contact on the small sheave may be deter 


mined by the formula 
Arc of Contact ( degrees ) 


where 


*V.Flat 


i> 


0.69 


and a larger 


( D-d) 60 
( 


D — Diameter of large sheave or flat pulley (In 


d Diameter of small sheave 


( Center distance (In.) 


(In.) 


Table IX— Small Diameter 


Factors 
Speed Ratio Rangt 


000 019 
020 032 
033 055 
056 081 
082 109 
110 142 


143 


1 
1.814 
2 948 


949 and over 


Small Diameter Factor 
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liameter 


Belt 
Cross 
Section 


Maximum 
for de in 
formula 


Formula 


0136S°)S 
d 


9.830 
02345?)5 
а 


0416S*)S 
d 


93 899 


13.616S 0848S')S 


19 914S 1222S*)S 


For premium quality belts: 


Belt 


Cross 


Sectic 


Where 


Hp 


Махтип 


m formula 


5 326 
0136S*)S 
а, 


13.962 
0234S")S 


0416S*)S 


0848S°)S 
а, 


263 04 


d. 


The maximum horsepower recommended at 180 deg 
arc of contact for a belt of average length. For other 
lengths and arcs of contact the horsepower obtained 
from the formula must be multiplied by the appropriate 
correction factors for length and arc of 


found in Tables VII and VIII 


contact as 


Belt Speed in thousands of feet per minu« 


P.D. (In.) rpm/12 1000 


Equivalent diameter. It is obtained by multiplying the 
pitch diameter in inches of che small sheave by a small 
diameter factor from Table IX. The use of the equiva 
lent diameter provides ratings that compensate for the 
combined flexing effect of the small and large sheaves 


of a drive 
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Ten Types ot Belt 


GEORGE R. LEDERER 


Raybest Manhattan, It 


Fig.l! OPEN DRIVE 


( V, Flot or Poly V Belts) 


Fig.2 THREE PULLEY DRIVE 
( V, Flot or Poly V Belts) 


Fig.4 REVERSE BEND IDLER 


( Poly V, V, or Flot Belts ) 


FIG. 1—Can be either horizontal ( A), or vertical 
(B). Used on equipment ranging from washing 
machines to oil well pumps. Ideal for high capac 
ity drives; allows wider range of speed ratios than 
any other type. Provisions must be made for take 
up. No minimum or maximum center distance 
limits other than available belt lengths 


FIG. 2—Limited in capacity to 8-10 hp because of 
small high-speed pulleys and limited provisions 


Fig.3 SERPENTINE DRIVE 


for take-up. Usually used with one unit hinge 
( Poly V, V, or Flot Belts ) 


mounted, as in automotive fan belt drives. Large 
belts would stretch beyond capacity ot hinged 


unit to take up slack 


is placed on the slack side of the belt near the point where the 
belt leaves the driver sheave. Idler also gives increased wrap and 
increased arc of contact. Applications range from agricultural 
jackshaft drives to machine tools and large oil field drives. Idler 
can be spring loaded to keep belt tight if drive is subject to shock 
For maximum belt life, the larger the idler, the better 


FIG. 3—Useful where several units are driven 
from a central shaft. The Vv belt that resemble 
two v-belts joined back-to-back was developed 
especially for this drive. For Vv operation all pul 
leys must be grooved. For regular V-, Poly-V or 
flat-belt operation, only those driven by the belt 
face are grooved, others are flat and are driven by 
the back of the belt. Driving capacity range from FIG. 5—Driver and driven sheaves are at right angles; belt must 
15-25 hp. Sheaves are small, speed is slow and belt travel around horizontal sheave, turn, go over vertical sheave and 
flex is extremely high, which affects belt life return. Bend must be gradual to prevent belt from leaving sheave 
Minimum center distance for V-belts is 5.5 in. X; (pitch dia of 
largest sheave width of sheave) 
FIG. 4—Used where driver and driven sheaves are For Poly-V, minimum center distance 13 & pitch dia of small 
fixed and there is no provision for take-up. Idler sheave or 5.5 (pitch dia belt width). For flat belts it is 8 
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F POWER TRANSMISSION 


Although countless types of belt drives are possible, these ten will solve most industrial applica 


tions. These pertain to power transmission only; 


the tooth type of timing belt is not included. For 


each drive are given: design pitfalls; speed and capacity ranges; and suggestions for application 


Fig. 5 QUARTER- TURN DRIVE (OPEN) 


( Poly V, V, or Flot Belts) 


CROSSED BELT DRIVE 


Flat Only) 


(pitch dia width). V-belt sheaves must be deep 
grooved and close matching is essential. Speed usually 
ranges from 3,000-5,000 rpm; hp from 75-150 


FIG. 6—Similar to Open Quarter-Turn but has higher 
capacity with shorter centers and increased wrap. Track 
ing is a problem with flat belts. With Poly-V drive 
speed ratio is unlimited. Angle of entry (angle between 
belt and a line perpendicular to face of the sheave) is 
limited to 3 deg or less 


FIG. 7—Limited to flat belts because either V-belt or 
Poly-V would rub against itself and burn or wear 
rapidly. Desirable only where the direction of rotation 
must be reversed such as on planers, woodworking tools 
in general and line shaft drives 


FIG. 8 l sed where driver and driven sheave cannot be 
on the same plane. Has same center distance and angle 
of belt entry limitations as Quarter-Turn. Drive can be 
open if take-up can be accomplished at either end or it 
can be fitted with a reverse bend idler, but not an inside 
idler. Angle between shaft can be from zero to 90 deg 


FIG. 9—Especially developed for drill presses and spe 
cial applications where driver and driven sheaves are at 
right angles to each other and yet on the same plane. 
Can operate around a corner or from one floor to an- 
other. The center sheave is 90 deg from the driver and 
driven sheave and acts as an idler. Twists affect belt life 
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Fıg. 6 QUARTER-TURN DRIVE (REVERSE BEND IDLER) 


(Poly V,V, or Flot Belts) 


8 ANGLE DRIVE (EIGHTH TURN) 


( Poly V, V, or Flot Beits) 


Fig.9 MULE DRIVE 
( Poly V, V, or Flot Belts ) 


Fig. IO VARIABLE SPEED DRIVE 


( V Belts Only) 


FIG. 10—Sheaves must be grooved to change the pitch 
diameter for variable or adjustable pitch operation. With 
two sheaves and one belt, it is possible to have a range of 
four different speeds. Widely used on propulsion drives and 
cylinder drives on agricultural combines and machine tools 
Drive has same high capacity and advantage as standard 
open drive, with wider speed range. They are mostly single 
belt drives 114 to 2 in. wide. Small pulleys are not advis 
able. Most applications require special vari-speed cylinder 


Pr traction belt 





Methods for Reducing 


Pulsations in chain motion created by the chordal action of chain and sprockets can be 


minimized or avoided by introducing a compensating cyclic motion in driving sprocket. 


EUGENE 1. RADZIMOVSKY 


Ass t. Prof. of Mechanical Engineering, University of Illinois 


Fig. I— The large cast-tooth non-circular gear, mounted 
on thé chain sprocket shaft, has wavy outline in which 
number of waves equals number of teeth on sprocket. 
Pinion has a corresponding noncircular shape. Although 
requiring special-shaped gears, drive completely equalizes 
chain pulsations 


Fig. 2— This drive has two eccentrically mounted spur 
pinions (1 and 2). Input power is through belt pulley 


keyed to same shaft as pinion 1. Pinion 3 (not shown), 
keyed to shaft of pinion 2, drives large gear and sprocket 
However, mechanism does not completely equalize chain 
velocity unless the pitch lines of pinions | and 2 are 


noncircular instead of eccentric. 


Fig. 3—Additional sprocket 2 drives noncircular sprocket 
à through fine-pitch chain |. This imparts pulsating 
velocity to shaft 6 and to long-pitch conveyor sprocket 5 
through pinion 7 and gear 4. Ratio of the gear pair is 
made same as number of teeth of spocket 5. Spring 
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Pulsations in Chain Drives 


Mechanisms for reducing fluctuating dynamic loads in chain drives and the pulsations resulting 


therefrom include non-circular gears, eccentric gears, and cam activated intermediate shafts. 


Fine pitch 

аа 

Conveyor oller chain 4 
chain 


nput shaft 


~ 


Reduction gears 


-ħain sprocket 


actuated lever and rollers 8 take up slack. Conveyor motion 
is equalized but mechanism has limited power capacity be- | (input shot?) 
cause pitch of chain 1 must be kept small. Capacity can : E 

be increased by using multiple strands of fine-pitch chain. " 


Fig. 4—Power is transmitted from shaft 2 to sprocket 6 
through chain 4, thus imparting a variable velocity to 
shaft 3, and through it, to the conveyor sprocket 7. Since 
chain 4 has small pitch and sprocket 5 is relatively large, 
velocity of 4 is almost constant which induces an almost 
constant conveyor velocity. Mechanism requires rollers to 
tighten slack side of chain and has limited power capacity. 


Fig. 5— Variable motion to sprocket is produced by disk 3 
which supports pin and roller 4, and disk 5 which has a 
radial slot and is eccentrically mounted on shaft 2. Ratio 
of rpm of shaft 2 to sprocket equals number of teeth in 


sprocket. Chain velocity is not completely equalized. 


Fig. 6—Integrated “planetary gear” system (gears 4, 5, 6 
and 7) is activated by cam 10 and transmits through shaft 
2 a variable velocity to sprocket synchrunized with chain 
pulsations thus completely equalizing chain velocity. The 
cam 10 rides on a circular idler roller 11; because of the 
equilibrium of the forces the cam maintains positive contact 
with the roller. Unit uses standard gears, acts simultaneously 
as a speed reducer, and can transmit high horsepower. 
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FRICTION DEVICES 


For Intermittent Rotary Motion 


W. M. HALLIDAY 


Southport, England 


FIG. I—WEDGE AND DISK. Consists 
of shaft A supported in bearing block J; 
ring C keyed to A and containing an 
annular groove G; body B which can 
pivot around the shoulders of C; lever D 
which can pivot about E; and connect- 
ing rod R driven by an eccentic (not 
shown). Lever D is rotated counter- 
clockwise about E by the connecting rod 
moving to the left until surface F wedges 
into groove G. Continued rotation of D 
causes A, B and D to rotate counterclock- 
wise as a unit about A. Reversal of input 
motion instantly swivels F out of G, 
thus unlocking the shaft which remains 
stationary during return stroke because 
of friction induced by its load. As D 
continues to rotate clockwise about E, 
node H, which is hardened and polished 
to reduce friction, bears against bottom 
of G to restrain further swiveling. Lever 
D now rotates with B around A until 
end of stroke. 


FIG. 2—PIN AND DISK. Lever D, 
which pivots around E, contains pin F in 
an elongated hole K which permits slight 
vertical movement of pin but prevents 
horizontal movement by means of set 
screw J. Body B can rotate freely about 
shaft A and has cut-outs L and H to 
allow clearances for pin F and lever D, 
respectively. Ring C, which is keyed to 
shaft A, has an annular groove G for 
clearance of the tip of lever D. Counter 
clockwise motion of lever D actuated by 
the connecting rod jams pin between ( 
and the top of cut-out L. This occurs 
about seven degrees from the vertical 
axis. A, B and D are now locked together 
and rotate about A. Return stroke of R 
pivots D around E clockwise and un- 
wedges pin until it strikes side of L. 
Continued motion of R to the right ro- 
tates B and D clockwise around A while 
the uncoupled shaft remains stationary 
because of its load 
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Friction devices are free trom the common disadvantages inherent in conventional pawl and ratchet 
drives such as: (1) noisy operation; (2) backlash needed for engagement of pawl; (3) load concen- 
trated on one tooth of the ratchet; and (4) pawl engagement dependent on an external spring. 
The five mechanisms presented here convert the reciprocating motion of a connecting rod into 
intermittent rotary motion. The connecting rod stroke to the left drives a shaft counterclockwise; 
shaft is uncoupled and remains stationary during the return stroke of connecting rod to the right 
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FIG. 3—SLIDING PIN AND DISK 
Counterclockwise movement of body B 
about shaft A draws pin D to the right 
with respect to body B, aided by spring 
pressure, until the flat bottom F of pin is 
wedged against annular groove E of ring 
C. Bottom of pin is inclined about five 
degrees for optimum wedging action 
Ring C is keyed to A and parts A, C, D 
and B now rotate counterclockwise as a 
unit until end of connecting rod's stroke 
Reversal of B draws pin out of engage 
ment so that A remains stationary while 
body completes its clockwise rotation 


FIG. 4— TOGGLE LINK AND DISK. 
Input stroke of connecting rod R to the 
left wedges block F in groove G by 
straightening toggle links D and E. Body 
B, toggle links and ring C which is keyed 
to shaft A, rotate counterclockwise to- 
gether about A until end of stroke. Re- 
versal of connecting rod motion lifts 
block, thus uncoupling shaft, while body 
B continues clockwise rotation until end 
of stroke. 


FIG. 5— ROCKER ARM AND DISK 
Lever D, activated by the reciprocating 
bar R moving to the left, rotates counter- 
clockwise on pivot E thus wedging block 
F into groove G of disk C. Shaft A is 
keyed to C and rotates counterclockwise 
as a unit with body B and lever D. Re 
turn stroke of R to the right pivots D 
clockwise about E and withdraws block 
from groove so that shaft is uncoupled 
while D, striking adjusting screw H 
travels with B about A until completion 
of stroke. Adjusting screw J prevents F 
from jamming in groove. 





Quality Gears lor 40 Years 


Lr CROFOOT 
BE YOUR 


GEAR PRODUCTION 
_ОЕРАВТМЕМТ 


ALL TYPES OF PRECISION GEARS 
UP TO 12" DIAMETER 


With the availability of Crofoot Service. de- 
sign engineers need not be limited in develop- 
ing new products or improving existing ones 
simolv because their own plant does not have 
facilities to produce gears required. Crofoot 
can effectivelv serve as the gear manufacturing 
department of any shon in the metal working 
industry. Gears up to 12” diameter in all types, 
produced efficiently, accuratelv and econom- 
ically. Our engineers are also available to assist 
in gear design. Ask for a “Crofoot” estimate on 
your gear requirements in any quantity. Send 
specifications and blue prints. 


CHARLES E. CROFOOT 
GEAR CORP. 
SOUTH EASTON, MASS. 


Crofoot ee ear cases like this ore designed, engineered ond 
monufoctured entirely in our plont partioutanty for your needs. 


E26 


Crofoot straight Bevel gears conifiex and conventional cut in pitches 
from 6 to 72 in all materiais. 


Crofoot face clutches pictured above cut by the Coniflex method 
for Aircraft Instruments 


x. 


Nri 


% و 


Crofoot spiral gears made from ali materials to precision specifications 
in pitches from 6 to 


be 


Crofoot can offer all types of Worms from 6 to 72 pitch and can 
offer three methods of manufacture: Thread Milled, Ground, Relled. 
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Look to BORG-WARNER 














"design it better — 


make it better" 








B-W engineering makes it work : B-W production makes it available 
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for that’Vital spot where power takes hold of the load ! 


BORG & BECK DIVISION 





MORSE TORQUE LIMITER PROTECTS MOTOR AND 
REDUCER FROM DEAD-STOP OF DRIVEN UNIT! 


Morse Torque Limiter and sprocket act as slip clutch on Model 55 Automatic 
Electric Shift Trimmer made by The Wheland Company, Chattanooga. 
Arbors are shifted at 120 fpm, instantly stopped and locked into place. 
Torque Limiter on jackshaft is set so sprocket slips when motor torque 
(38 ft.-lbs.) is exceeded. Absorbs inertia of 1-hp, 155-rpm gearmotor; reduces 
shock on drive unit when driven shaft is stopped. 


7 ا‎ ۴ 5 7 — С 
(o) ] NS “4 
YV YO 


Typical application shows how you can safeguard 
drive units and eliminate shear pins 


Check these advantages of 
Morse Torque Limiters 


V Eliminate downtime 


V Torque-sensitive and fully 
adjustable 


Completely automatic and 
dependable 


Resume operation 
automatically 


Compact, standard sizes 


In this Wheland Electric Shift 
Trimmer, two 200-pound saw ar- 
bors are automatically moved into 
position at 120 feet per minute... 
then stopped dead and locked 
into place. 


The tremendous shock trans- 
mitted to the drive mechanism 
when the arbors are stopped, is 
safely dissipated by a Morse 
Torque Limiter used as a slip 
clutch between the driving and 
driven units. In addition, it pre- 
vents motor inertia from building 
up torque in the drive. 


Versatile Morse Torque Limiters 


can safely control many of the 
shock-load problems present in 
your machine operations. 
These simple devices are depend- 
ably sensitive and easily adjusted 
to desired torque limits. When 
overload or jam-up is cleared, they 
automatically resume operation, 
eliminating downtime or disman- 
tling necessary with shear pins. 
Send for Free Catalog 
A full line of Torque Limiters is 
stocked by your Morse Dis- 
tributor. For free catalog, or 
)jower transmission engineering 
help, see him or write today. 


MORSE CHAIN COMPANY + INDUSTRIAL SALES DIVISION + ITHACA, N.Y. 


MORSE 


POWER TRANSMISSION 


E ‘trademark 


PRODUCTS 
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For Every Industry 
and Application 


Our engineers are not restricted to the application of one, two or three types of 
clutches. When you submit your clutch problem to us, we are in a position to 
recommend and supply a type and size clutch that is exactly suited to your need. 


ROCKFORD Spring-Loaded CLUTCHES 


permit convenient control and smooth gear changes under conditions requiring 
almost constant engagement, with only short periods of disengagement — 
maintained by foot-pedal or hand-lever pressure. 


ROCKFORD OVER-CENTER CLUTCHES 


lock in "engagement" or "release" position, providing positive control during 
long periods of engagement or disengagement operation. 


PULLMORE Multiple-Disc CLUTCHES 


provide smooth starting and powerful, hand-operated control, within limited space. 


ROCKFORD Power TAKE-OFFS 


and Speed Reducers are complete, self-contained units. Available with heavy 
duty, gear-tooth drive "over-center" type clutch equipment. Sizes to fit standard 
S. A. E. flywheel housings. 


ROCKFORD Morlife* CLUTCHES 
Because of their specialized characteristics, MORLIFE type ROCKFORD clutches 


are best suited for use in off-the-road machines such as tractors, trucks, tanks, 
cranes, shovels, bulldozers, earth movers, pipe layers, power units and other heavy 


duty equipment. 


Let our engineers give you the benefit of their more than a quarter century of clutch 
building experience to specify the size and type clutch to meet your need exactly. 
Write for Bulletin covering the ROCKFORD clutch or power take-off that fits 
your product. 


ROCKFORD Clutch Division BORG-WARNER 


1319 hap cape Алаа — Illinois, А $. А 


t Sale Borg- War ter So. Wabash, Chics 


68000060 
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Gear Box or PTO problem gût 
you going around in circles? 
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rner Automotive 
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When it comes to gear boxes or power take-offs, come to Warner Auto- 
motive. You'll save time, needless expense and worry, get what you want, 
and chances are at less cost than you probably think. 


Warner has pioneered in the design, engineering and precision produc- 
tion of gear boxes and power take-offs. Our research has whipped many a 
design problem you may be facing. Our manufacturing facilities, with spe- 
cialized equipment, are more than ample to meet your production schedules 
on time. 


Consult Warner Automotive — without cost or obligation. 


WARNER GEAR BOXES. Outstanding for quality. Automotive type gearing; 
carburized and hardened alloy gears; anti-friction bearings throughout, individ- 
ually selected for the load; integrally forged gear and shaft, wherever possible; 
malleable iron housings. 


WARNER POWER TAKE-OFFS. Hydraulic, high speed, and single speed 
оооооооооооооооооооооо о designs for pumps, hoists, electrical generators, dump truck bodies, refrigeration 
and other uses. Complete with controls and all fittings for fast, easy installation. 


Also: Transmission Gears, Ring Gears and Pinions, 
Differential Parts, Axle Shafts and Parts 


шл 
P i 


"Products of Experience" 


WARNER AUTOMOTIVE PARTS DIVISION 


Borg-Warner Corporation 
A UB URN * I N DI AN A 





"design it better — 


make it better" 


is the guiding principle of 





BORG-WARNER 


ATKINS SAW LONG MANUFACTURING CO., LTD 


BORG & BECK MARBON CHEMICAL 


BORG-WARNER ACCEPTANCE CORP. 
MARVEL-SCHEBLER PRODUCTS 


BORG-WARNER INTERNATIONAL MECHANICS UNIVERSAL JOINT 
BORG-WARNER, LTD. MORSE CHAIN CO. 


BORG-WARNER SERVICE PARTS 
MORSE CHAIN OF CANADA, LTD 
BYRON JACKSON : 


NORGE 


РЕ$ PRODUCTS 
CALUMET STEEL - е 


DETROIT GEAR REFLECTAL CORP 


F T 
FRANKLIN STEEL ROCKFORD CLUTCH 


HYDRALINE PRODUCTS SPRING 


INGERSOLL CONDITIONED AIR WARNER AUTOMOTIVE PARTS 


INGERSOLL KALAMAZOO 
WARNER GEAR 


INGERSOLL PRODUCTS 
WARNER GEAR CO., LTD 


WESTON HYDRAULICS, LTD 
INGERSOLL STEEL WOOSTER 


LONG MANUFACTURING ‘ YORK 


LLL BoRG-WARNER CORPORATION 


210 S. MICHIGAN AVENUE * CHICAGO 4, ILLINOIS 
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Here's the sure, simple way to... 


OLVE YOUR ACTUATOR 


Saginaw ball/bearing Screws offer 
6 major advantages over 
conventional screws 


AVAILABLE IN BOTH ROLLED-THREAD AND MACHINE-GROUND 
TYPES —HAVE BEEN BUILT FROM 1'^ IN. TO 39' FT. IN LENGTH 


VITAL POWER SAVINGS 

With guaranteed efficiency of 90%, 
Saginaw b/b Screws are up to 5 times 
as efficient as Acme screws, require only 
1/5 as much torque. This permits much 
smaller motors with far less drain on the 
electrical system. Less heat is gener- 
ated; and circuitry is greatly simplified. 


SPACE/WEIGHT REDUCTION 

Saginaw b/b Screws permit use of 
smaller motors and gear boxes; elimi- 
nate pumps, accumulators and piping 
required by hydraulics. In addition, Sag- 
inaw b/b Screws themselves are smaller 
and lighter. Units have been engineered 
from 1% in. to 391% ft. in length. 


PRECISE POSITIONING 

Machine-ground Saginaw b/b Screws 
offer a great advantage over hydraulics 
or pneumatics because a component can 
be positioned at a predetermined point 
with precision. Tolerances on position 
are held within .0006 in./ft. of travel. 


TEMPERATURE TOLERANCE 
Normal operating range is from —75° 
to +275°F., but assemblies have been 
designed in selected materials which 
function efficiently as high as +900°F. 
These units are practical where hydrau- 
lic fluids have long since lost efficiency 
or reached their flash point. 


LUBRICATION LATITUDE 

Even if lubrication fails or cannot origi- 
nally be provided because of extreme 
temperatures or other problems, Sag- 
inaw b/b Screws will still operate with 
remarkable efficiency. Saginaw units 
have been designed, built and qualified 
for operation without any lubrication. 


FAIL-SAFE PERFORMANCE 

Far less vulnerable than hydraulics. In 
addition, Saginaw offers three significant 
advantages over other makes: (1) Gothic 
arch grooves eliminate dirt sensitivity, 
increase ball life; (2) yoke deflectors 
and (3) multiple circuits provide added 
assurance against operating failure in 
critical applications. 


2 
5 esee? 
PA 


Nut glides on steel balls. Like stripes on a 
borber pole, the balls travel toward end of 
nut through spiral "tunnel" formed by con- 
cave threads in both screw and mating nut. 


= 


—* 
At end of trip, one or more tubular guides 
lead balls diagonally back across outside 
of nut to starting point, forming closed 
circuit through which balls recirculate. 


SAGINAW STEERING GEAR DIVISION OF GENERAL MOTORS + SAGINAW, MICH. 
WORLD'S LARGEST PRODUCER OF BALL BEARING SCREWS AND SPLINES 
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AND SPLINE PROBLEMS 


Saginaw ball/bearing Splines average 
40 times lower coefficient of friction 
than sliding splines 


TRANSMIT OR RESTRAIN HIGH TORQUE LOADS FAR MORE 
EFFICIENTLY —HAVE BEEN BUILT FROM 3 IN. TO 9 FT. IN LENGTH 


The Saginaw b/b Spline radically increases 
the efficiency of transmitting or restraining 
high torque loads. Instead of sliding against 
each other, surfaces glide on rolling balls. 


The steel balls recirculate in closed circuits 
formed by mating longitudinal raceways 
spaced around the circumference of inner 
and outer splines. Guides return balls. 


Screws 


and 
a 


This revolutionary new kind of 


spline utilizes the same basic glid- 
ing ball principle pioneered by 
Saginaw in the ball/bearing screw. 


It permits new engineering designs 
literally 
lets you achieve the “impossible”! 


never before practical 
In any application where column 
length must change under torque 


load, the Saginaw b/b Spline offers 


greatly decreased friction, less 
wear, longer life, more dependable 
operation. It can be fitted with 
integral gears, clutch dogs, bearing 
and sprocket seats or a wide choice 
of other attachments for use with 
electric, hydraulic or pneumatic 
units. To convert push-pull to 
rotary motion, helical types are 
available with very high leads, 
ranging from 20:1 to 100:1. 


SEND TODAY FOR FREE 
ENGINEERING DATA BOOK 


Saginaw Steering Gear Division, General Motors Corporation 


b/b Screw and Spline Operation 
Dept. 10J, Saginaw, Michigan 


Please send new engineering data book on Saginaw b/b Screws and Splines to: 


NAME нен s 


COMPANY 


ADDRESS 


CITY 





ZONE STATE 
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LINK-BELT is your one-source headquarters 


GEARMOTORS maintain positive align 
ment with flange-mounted NEMA mo 
tors. They're compact, quiet, oil-tight 
Sizes to 30 hp, ratios to 292:1 


тете 


MOTOGEARS permit bracket-mounting of 
all makes and enclosures of foot-type 
NEMA motors. Capacities to 60 hp 


ratios to 292:1 


E36 


IN-LINE HELICAL, WORM AND PARALLEL 
SHAFT GEAR DRIVES Link-Belt makes 
a broad range of types and sizes in various 
ratios and up to 2400 hp 


P.I.V. VARIABLE SPEED DRIVES provide 
stepless, instant variation through a com- 
plete range of positive speeds; 8 sizes, 
16 tvpes, to 25 hp 


BALL and ROLLER BEARINGS 


BALL AND ROLLER BEARING BLOCKS— 
Free-rolling, self-aligning, easy-to-install 
Industry's most complete line of pillow 
blocks, flange, flange-cartridge, cartridge, 
take-up and hanger blocks, plus self- 
aligning roller bearings. Effective seals 
keep grease in, dirt out. For all popular 
shaft sizes and speeds to suit your re- 
quirements. 
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for every power transmission need 


w" THER you need a single component or a com 
pletely engineered drive—Link-Belt is your most 
convenient source for power transmission equipment 
and engineering service. A complete line of products 
—each in a wide range of types and sizes—assures 
the right selection for your particular load, horse 
power and other operating requirements. 


Equally important, all Link-Belt equipment is built 
to the highest standards—service-proved designs of 
fering longer life at lower cost. What's more, all com 
ponents are correctly integrated for smooth-working 
efficiency—with no elements under- or over-rated 


This one-source convenience also simplifies your 
purchasing—insures fast delivery and prompt, depend 
able service. For complete information and literature 
on any Link-Belt power transmission products, address 
Dept. 1056-PDD 


Г-ГЕ? Уу 

e Ç -— b 
PRE-INTEGRATED DRIVE BY LINK-BELT synchronizes 1 I N K: "ы :) a = E 
operation of two conveyors handling insulation. Link e CSI. PU 


Belt equipment includes (1) roller bearing pillow M Є 
blocks, (2) ball bearing pillow blocks, (3) roller chain 
drives, (4) encased chain drive, (5) worm gear drives 


and (6) P.LV. Variable Speed Drives. All equipment POWER TRANSMISSION MACHINERY 


is mounted on a common baseplate. 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. To Serve Industry There Are Link-Belt Plants, Sales Offices, Stock Carry 
ing Factory Branch Stores and Distributors in All Principal Cities. Export Office, New York 7; Canada, Scarboro (Toronto 13); Australia 
Marrickville, N.S.W.; South Africa, Springs. Representatives Throughout the World 


ONE SOURCE ... ONE RESPONSIBILITY FOR POWER TRANSMISSION AND MATERIALS HANDLING MACHINERY 


CHAINS AND SPROCKETS 


MALLEABLE IRON, PROMAL, STEEL SILENT CHAIN DRIVES—Ideal for PRECISION STEEL ROLLER CHAIN— 
CHAINS— Complete line of cast, com- large or small hp, large ratios, high For drives and conveyors, available 
bination, forged and fabricated chains speed and limited space. Maintain in single or multiple widths, in 44” to 
1 sprockets better than 98% efficiency 3” pitch and 1” to 3” double pitch 


TRANSMISSION PRODUCTS 


plus matching 


“М, 
a^ 


Reading from left to right, babbitted and babbitted bearing takeups. Flexible, rigid, automatically prevent backward move 
bronze bearings in 15 types, 300 sizes and fluid couplings. Cut and cast tooth ment of conveyors and elevators. Gray 
New friction clutches with high-torque gears. Shaft collars in solid or split mal iron and welded steel pulleys 

capacity. Complete line of ball, roller and leable iron and steel types. Backstops to 
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IMPELLER 


OIL TO COOLER 
CIRCULATING PUMP 


INPUT SHAFT 
OIL FROM COOLER 


RUNNER 
OUTER CASING 
INNER CASING 


OUTPUT SHAFT 
SCOOP TUBES 


Fype VS, class-2, adjustable- 
speed Gyrol Fluid Drive — a 
packaged unit. Housing acts as 
oil reservoir and enclosure for 
rotors, bearings, oil-circulating 
pump, scoop tubes. Circulating 
pump, mounted on input shaft, 
supplies constant volume of 
oil for working circuit and for 
lubrication. Dual scoop tubes 
provide stepless-speed control 
for either rotation. 


Choose the exact fluid drive you need! 


American Blower offers you a complete line 
of Gyrol Fluid Drives — including the new 
type VS, class-2, adjustable-speed model 


Гуре ТМ Gvrol Fluid Drive: 


motor, traction-type drive in a 
single unit; 1 to 20 hp; Bulletin 
8519 


Type 1 
motor; 15 to 200 hp; Bulletin 7419. 


traction-type less 


Type VS, class-4 Gyrol Fluid Drive 

an adjustable-speed drive for 
fans, compressors and pumps, etc. 
100 to 2,500 hp; speeds up to 1,800 


rpm. Ask for Bulletin 9319. 
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Type VS, class-2, 
speed Gfrol Fluid Drive. Speed 


adjustable- 


range: 5 to l. Ten sizes, 1 
through 800 hp; speeds up to 
1,800 rpm. Request Bulletins 
9419 and 9519. 


Type VS, class-6 Gyrol Fluid 
Drive — adjustable speed drive 
for boiler-feed pumps, com 
pressors, other high-speed ap- 
plications. 200-12,000 hp; to 


$,600 rpm. Bulletin 8019. 


Application possibilities are unlimited with American 
Blower’s Gyrol Fluid Drive line! 

For example, the new type VS, class-2, adjustable- 
speed Gyrol Fluid Drive can be reversed while in 
motion—at any adjustable operating speed — by 
merely changing the direction of rotation of the 
motor! And you can use this compact, self-contained 
unit in a variety of arrangements of the driving motor. 

The standard Gyrol Fluid Drive line includes con- 
stant-speed and adjustable-speed units — up to 12,000 
hp, and speeds to 3,600 rpm. You'll find there's a 
Gyrol Fluid Drive to fit practically any application. 

For fact-packed bulletins and complete engineering 
data, get in touch with your nearest American Blower 
or Canadian Sirocco Branch Office; or write us direct. 
Do it, today! 


AMERICAN BLOWER CORPORATION, DETROIT 32, MICHIGAN 
CANADIAN SIROCCO COMPANY, LTD., WINDSOR, ONTARIO 


Division of American - Standard 


AMERICAN @) BLOWER 
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BAUSH WORM GEARING 


NS 
NDUSTRIAL APPLICATIO 
| ECIFICATIONS ! ! 


FOR ALL 


MADE TO YOUR 14 


u 


Be sure you have the exact gear you want — 

a QUALITY GEAR made to your particular requirements 
= checked 10096 for tooth contact, center distance 
ond Rockwell Hardness — at the right price too!! 


MACHINE TOOL CO. 


SPRINGFIELD 7, MASSACHUSETTS 


BAUSH WORMS AND GEARS shown are a product of 
over 500 worm gear hobs we maintain at all times. 
Ranging from sets on 214” center to 28" center, they 
cover up to and including 2" circular pitch, 


YOUR SPECIFIC GEAR NEED CAN BE DESIGNED 1&2 —Lift Truck $2 & 19 — Hourgloss Type Worm 


AROUND THESE HOBS ELIMINATING EXPENSIVE 3 — Bending Roll Drive & Wheel 
: 4&5 — For Multiple Spindle 14 & 15 — Lubrication Pump Drive 
TOOUNG AND ОНА. Lathe 16 & 17 — Feed Drive-Automatic 


6&7 — Agitator Drive Machine 


8, 9 & 10 — 2Speed Lathe R i 
Write for Catalog No. 12A of send us your prints — 11 — Mixing EM "ans 7-е 


there is no obligation. 
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vy Check these Dodge Products - 


FLEXIDYNE, the Dry Fluid Drive. Starts heavy TORQUE-ARM SPEED REDUCERS. Shaft-mount- 
loads smoothly. Insures overload protection. ed. Cost less, deliver more. Cut installation 
100% efficiency at full load. trouble and expense. Deliver 97% efficiency. 


TAPER-LOCK STEEL CONVEYOR PULLEYS, with DODGE TAKE-UPS. Modern, rugged, depend- 
the rugged strength and lighter weight of able. Available in a great range of types and 
steel. No bolts to shear. Moderate price. sizes for everything from light to heavy loads. 


In terms of present day labor costs, modern mechanical power transmission is the 
greatest bargain ever. Recent Dodge developments create simpler, smoother, more 
dependable drives. They open the way to savings in costs and increased produc- 
tion. Standardization on Taper-Lock cuts down-time through the interchangeability 
and easy-on, easy-off features of Taper-Lock Bushings...Torque-Arm shaft-mounted 
Speed Reducers cut installation costs, deliver 97% efficiency... And now Flexi- 
dyne, the Dry Fluid Drive, meets many difficult drive problems with its ability to 
start heavy inertia loads smoothly, guard against overloads and reduce horsepower 
requirements. To improve production and cut costs, look to Dodge for your me- 


chanical power transmission machinery. Write for D-56 Engineering Catalog. 


Dodge Manufacturing Corporation, 1205 Union Street, Mishawaka, Indiana 
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everyone d proved money-saver! 


TAPER-LOCK SHEAVES, with the famous Taper- DODGE AIR-GRIP CLUTCH, quickest acting, most 
Lock interchangeable bushings. Hold tight, responsive. Diamond D and Rolling Grip me- 
run true yet are easy-on, easy-off. chanical clutches are rugged, dependable. 


DODGE-TIMKEN PILLOW BLOCKS, available in SC and SCM BALL BEARING PILLOW BLOCKS, 
five types. Rugged, compact, dependable for light and medium duty respectively, fully 
for tough jobs; sealed on and off the shaft. assembled, pre-lubricated, ready for the shaft. 


Call the Transmissioneer, your local Dodge Distri- Look for his name under "Power Transmission 
butor. Factory trained by Dodge, he can give you Machinery” in your classified telephone directory, 
valuable assistance on new, cost-saving methods. or write us for detailed information. 
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the standard line of Speed 


Reducers for every design problem! 


The wide range of models and sizes in the Winsmith line enables most 
speed reducer users to select a unit "custom-made" for the job on hand 
from the standard stock line. For speed of delivery ... for economy... 
for performance . . . make Winsmith your source for speed reducers 
from 1/100 to 85 h.p. in ratios of 1.1:1 to 50,000:1. 

IF YOU HAVE A SPECIAL PROBLEM —consult the Winsmith Representative 
in your area or write direct to our Engineering Department. 


WORM GEAR REDUCERS 


Available in single or double reduction models for service 
in either intermittent or continuous operation. Units in- 
clude right angle or parallel shafts; worm on top or worm 
on bottom; all worm gear or combined worm and helical 


HELICAL 
GEAR REDUCERS 


Single reduction, parallel 
shaft units for small ratios 
Cast iron gears Hardened 
and accurately ground alloy 
steel pinion shafts. 


DIFFERENTIAL GEAR REDUCERS 


Winsmith patented differential gear reducers differ from 
ordinary planetary systems in that the planetary and sec- 
ondary gears are made integral to form a unified planetary 
element. Tooth alignment is maintained because the plan- 
etary gears automatically float into position resulting in 
equalized load distribution. Parts are never increased in 
number regardless of the ratio of reduction. Overall dimen 


sions of a given size always remain the same whether 
1.1:1 or 50,000: 1. 


ADD THIS IMPORTANT BOOK 
TO YOUR FILES ! 


Winsmith's New Catalog containing 
complete selection information 
on 147 speed reducer sizes. 


SINGLE REDUCTION 
WORM GEAR TYPE 


SERIES CB, CT, CV 


14 Sizes — .01 hp to 34 hp 
Ratio Range — 5:1 to 77:1 


Maximum Output Torque 
142 to 34,767 in. lbs. 


СВ — worm ON BOTTOM 
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DOUBLE REDUCTION 
WORM AND HELICAL 
GEAR TYPE 


SERIES CBX, CTX, CVX 


10 Sizes — .3 hp to 11.86 hp 
Ratio Range — 42:1 to 231:1 


Maximum Output Torque 
1331 to 34,767 in. Ibs 


CBX — WORM ON BOTTOM 


CTX — WORM ON TOP 


CVX — VERTICAL 


RATINGS 
{ - TR grunge 
m.. афто 


т і 


DOUBLE REDUCTION 
WORM GEAR TYPE 


SERIES CBD, CTD, CVD 


12 Sizes — .018 hp to 7.41 hp 
Ratio Range — 60:1 to 4460:1 


Maximum Output Torque 
650 to 34,767 in. Ibs. 


CBD — worm ON BOTTOM 


CTD — WORM ON TOP 


CVD — VERTICAL 


WEIGHTS 


r— —— e 


PARTS INDEX 


SHAFT ARRANGEMENTS 


1. DOUBLE REDUCTION 
WORM GEAR TYPE 
9 Sizes — .006 hp to 7.319 hp 
Ratio Range — 25:1 to 3850:1 
Maximum Torque 


146 to 34, in. tbs. 
2. SINGLE REDUCTION HELICAL 
GEAR HORIZONTAL TYPE 
3 Sizes — .05 hp to 18.86 hp 
Ratio Range — 3.06:1 to 12.66:1 
Maximum Output Torque 
294 to 3682 in. ibs. 
3. TWO SPEED REDUCTION 
WORM AND SPUR GEAR TYPE 
2 Sizes — .01 hp to 6.17 hp 
Ratio Ronge — 5:1 to 163:! 
Maximum Ovtput Torque 
333 to 3089 in. Ibs. 


1. series DBI 


2. SERIES 700, 800, 900 


3. series TSR 


DIMENSIONS 


You'll rate 


DIFFERENTIAL 
REDUCERS 


12 hp to 81.51 hp 
Ratio Range 1.1:1 to 50,000:1 


Maximum Output Torque 
50 to 113,000 in. Ibs. 


HORIZONTAL 


FLANGE MOUNTED 


VERTICAL MOTORIZED 


this catalog as one of the most 


important and useful tools ever presented t 


lesign 
tion. info 


parts ratios 


1 
1escribes 


"neers 


In addition to complete selec 


imation such as weights, dimensions 
and ratings on the reducers it 
this book contains selection factors 


lubrication charts, character of load tables p/w 


a compiete 


engineering section devoted (< 


examples and solutions of typical power trans 


mission prob 


Ihis wealth of 


the asking 


ems 


useful information is yours f 
request Catalog 155 on com 
pany letterhead, please 


WINSMITH, Incorporated :* 7/2 Faton Street. Springville, (Erie County) New York 
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Designed for 


RUGGEDNESS and 
DEPENDABILITY 


For more than a quarter of a century Clark power transmission 
engineers have been thinking in terms of performance and out- 
standing dependability. 


That's why, when you have a transmission, torque converter, 
drive unit or axle problem, you can find a solution by calling Clark. 
Seasoned, resourceful Clark engineers are always available to work 
with your engineers. Over the years dozens of manufacturers have 
found this “‘teaming-up” to be the 


quickest, easiest way to be certain 

of superior performance. С d Д п 4 
Yov'!ll find IT’S ALWAYS GOOD 

BUSINESS TO DO BUSINESS EQUIPMENT 


WITH CLARK. 
CLARK EQUIPMENT COMPANY 
Buchanan, Jackson, Benton Harbor, Battle Creek, Michigan 


Write for this new 42 
page book illustrating and 
describing the products 
ond facilities of CLARK. 
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Variable Speed — Styled For 
Compact Machine Designs 


Horizontal 
(left or right) 


45? (left or right) 
Vertical 


REEVES 


FRACTIONAL Vari-Speed MOTODRIVE 


> Reeves fractional hp. Motodrive is a 
complete power package, engineered in 
over 100 assemblies to fit wherever your 
Motor side, contro! side, design calls for variable speed. 
or vertical down 

Choose from vertical, 45° or horizon- 
tal models in 1⁄4 to 1 hp... . get stepless 
accurate speeds—within a 2:1 to 10:1 
range—from as low as 3 rpm to a maxi- 
mum of 4660 rpm. 

Available in standard, weather resist- 
ant, totally enclosed or splash-proof en- 
closures; full range of manual or auto- 
matic controls. 

Reeves Motodrive—the right speed 


for every need . . . in any place. 


Write Dept. KD-M543 for ratings and dimensions 


REEVES PULLEY COMPANY DIVISION 


Columbus, Indiana 


RELIANCE vinci co.* 


Catalogs 


an 
Bulletins 


To obtain copies of literature 
described below, circle corre- 
sponding number on coupon 
at end of this section. 


(Q-1) MINIATURE GEAR TRAIN 
Brochure, 8 pp, has basic information 
for setting up company standard for 
gear train design. Washington Machine 
& Tool Works, Inc., 1001 Washington 
Ave. S., Minneapolis 15, Minn 


(Q-2) VARIABLE SPEED TRANSMIS 
SIONS—Catalog 65, 24 pp, describes 
construction, accessories and controls, 
both manual and automatic. Engineer- 
ing section gives power transmission 
characteristics, ratings and dimensions 
Lewellen Mfg. Co., Columbus, Ind 


(Q-3) POWER TAKE-OFF AND RE- 
DUCTION GEARS—Bulletin 129-C, 7 
pp, describes gearing units for internal 
combustion engines. Twin Disc Clutch 


Co., Racine, Wis 


(Q-4) HyYDRAULIC TORQUE CON 
VERTER—Bulletin 135-D, 15 pp, de 
scribes three-stage engine converter 


Twin Disc Co., Racine, Wis 


(Q-5) VARIABLE SPEED REDUCER 
Catalog, 11 pp, describes principles of 
operation of infinitely variable speed 
transmission with output speeds from 
true zero to 4 input speed. Standard 
models are shown with optional varia- 
tions, typical applications and installa- 
tion suggestions, dimensions and rat 
ings. Revco, Inc., 2 E. Franklin Ave., 
Minneapolis 4, Minn 


(Q-6) FLUID DRIVE—Catalog 9419, 
9519, 8 pp, discusses advantages and 
applications of these fluid drives, item- 
izing such factors as speed control, 
power savings, no-load starting, torque 
limitation, acceleration control, shock 
absorption and simplified installation 
American Blower Corp., Detroit 32, 
Mich 
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Catalogs and Bulletins continued Insure machine designs 


(Q-7) MULTIPLE V-BELT DRIVE 2 

Bulletin, 0 PP, covers the evolution ot against early obsolescence 
standards in engineering V-belts, tells 

how to engineer one, provides tables 

and data, and describes modifications 

in such drives. Allis-Chalmers Mfg 

Co., 1002 S. 70 St, Milwaukee, Wis. 


(Q-8) GEARMOTORS— Bulletin E-2408, 
8 pp, describes line of gearmotors 
available incorporating new NEMA 
motors and redesigned gearheads. Re 
liance Electric & Mfg. Co., 1088 Ivan- 
hoe Road, Cleveland 10, Ohi« 


(Q-9) SELF-LUBRICATING CHAIN 
Bulletin, 4 рр, describes line of roller 
chains having oil-impregnated, sintered 
steel bushings. Curves on wear and 
impact tests and information on di- 
mensions, capacities are included 
Whitney Chain Co, R 357 Hamilton 
St., Hartford 2, Conn 


(Q-10) SHAFT-MOUNTED SPEED RI 


DUCERS— Bulletin CD-400, 12 pp, con- 
tains assembly drawings, hp and torque 
rating charts, application photographs. | 


Complete specifications on bore sizes 

and gear mountings plus mounting in- | . 

structions are included. Cone-Drive Vari-Speed Motor Pulley 
Gears Div., Michigan Tool Co., 7171 

E. McNichols Road, Detroit 12, Mich 


* A compact, low-cost variable speed drive that widens 


(Q-11) V-BELTs—Catalog, 24 pp, de ; 
t. "ret Sab quart open a inm | machine range... adds flexibility. Fourteen models for 
V-belts as well as V-link belting. | V$ to 15 hp; 1.75:1 to 4:1 speed ratio. 

Maurey Mfg. Corp, 2907-23 S. | 

Wabash Ave., Chicago 16, Ill 


(Q-12) SPEED REDUCERS Bulletin р" 
150, 52 pp, includes horsepower rat lass 
ing tables, specifications, dimensions, i QUU i 
weights and other data. Farrel-Birming- 
ham Co., Inc., Ansonia, Conn 
| EASY MAINTENANCE...LONG LIFE! 

(Q-13) SPEED REDUCER— Bulletin, 7. | JUST 5 SIMPLE PARTS 
pp, describes line of infinitely variable 
reducers of 10 to 100 in-Ib torque rat- 
ings. Revco, Inc, 2 E. Franklin Ave., 
Minneapolis 4, Minn 

REEVES “Close-grooving” 
(Q-14) SPEED CONTROI Bulletin- | БА —a special lubrication 
(400-PRD-229, 4 pp, explains use of | system— insures free slid- 
magnetic amplifier speed control for ing disc for easy speed 


both tan type and constant torque changes. 


loads. Electric Machinery Mfg. Co., Ma ner bulletin ب اا‎ 


Мїппеар‹ Jis 15, Minn charts and dimensions, write 
Dept. KD-V545. 


REEVES PULLEY COMPANY DIVISION 


Columbus, Indiana 


(Q-15) SPEED CONTROL AND DRIVE 
Bulletin 1500, 8 pp, describes drive 
consisting of electronic control unit 


e M Louis Allis Co., Mil R £ LI A N C E ELECTRIC AND 
Waukcc 9 IS. ENGINEERING co. 
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Our vast experience 
in engineering and 
manufacturing BALL SCREWS 
is available to you 


yyte 
"E Ы 
ي ر‎ a”. 


Т aa 
1 ЁТ Те ЕЕГ 


f 
| 
| 


по рир уннан 


К 


Guaranteed 
Efficiency 4 


The Ball Screw employs a stream of rolling balls to 
eliminate drag and wear in converting rotary twist to 
linear push or vice versa. But behind this design, which 
is rapidly replacing the Acme type screw and which in 
many applications is superior to hydraulic and pneu- 
matic systems, there must be the engineering know- 
how to apply it to your product. 


WRITE OR CALL FOR OUR FOLDER ON 
DESIGN STANDARDS & LOAD CAPACITIES 


3 
{ 
Whether you are looking 5 
for onother Bail Screw 
source, seeking to improve aver 
your product design, or en- ©. 
gineering a new product, recision 
our engineers are available 

roducts 


as design consultants. Call 
on us. ІМС. 


CLAWSON, MICH. 
OT SEL REELS INTE ITT TTI 


E48 


FOR FAST HELP 


on 


DESIGN PROBLEMS 
. . . consult the 


PRODUCT INDEX 


of this 


DESIGN DIGEST 
ISSUE 


(Begins on Page 12) 


Every product adver- 
tised in this issue is in- 
dexed there for ready 


reference. 


Among them may be 
exactly what you need 
right now. 


The advertisements for 
all these products will 
give you many useful 
ideas ... and more infor- 
mation is quickly avail- 
able from each adver- 


tiser. 


To get any additional 
facts you want, use the 
handy post cards in front 
of this issue, or the cou- 
pons you'll find at the 
end of each DESIGN 
DIGEST ISSUE Section. 
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250 


TORQUE-Ib. ft. 


bo rpm 


m 





1000 грт 


STOPPING TIME 


CORK CLUTCH FACINGS: 


T ы 
APPARENT COEFFICIENT OF FRICTION 


т 


( 4 
Curves 


and 5144 
produ t 


APPARENT COEFFICIENT OF FRICTION 


These curves 


triction 


M 


FACING PRESSURE 30 Ib /in 


CORK COMPOSITION A 
+ + t + 


CORK COMPOSITION В 
t^ + + + 


س 
UNEAL SPEED AT AVERAGE DIAMETER—FEET PER MINUTE‏ 


but faced with different cork compounds 
different apparent coefficients of friction 


WAVED PLAIN PLATE—30 Ib 
UNEAL SPEED AT AVERAGE DIAMETER—FEET PER MINUTE 


coefficient of 
when 


how the 


cork 


show 
particular 


apparent 


facing changes 


of a 


simple changes are made in plate design 


Product 


TYPICAL ENGAGEMENT CHARACTERISTICS OF THREE DIFFERENT CORK COMPOSITION FACINGS 
eo T — — и 


Time-versus-torque curves of three typ- 
ical cork facings, each operating under 
identical 
gagement characteristics can be modi- 
fied by changes in friction compounds 
Plates were run in Type A transmission 
oil at 200 F 


conditions, show how en- 


Important design economies are made possible with cork- 
compound friction materials because they retain a highe: 
coefficient of friction when immersed in oil than any othe: 
known material. 


As a result, cork transmits a given amount of torque with 
either fewer plates, smaller plates, or lower engagement 
pressure. This often permits worth-while savings in metal 
friction material, weight, and space 


Another design advantage is that engagement character 
istics and torque capacity of cork facings can be widely 
modified by controlled changes in the cork compound, The 
effect of changes in cork composition is shown by the 
curves reproduced above and in the top chart at left. 


The flexibility of cork facings permits wide latitude in 
plate design since it permits their use on waved or coned 
plates. Other changes in plate design can also be used to 
modify clutch behavior. For example, the chart at bottom 
left shows how using waved, slotted, or plain plates affects 
clutch performance 


For Armstrong resilient friction 
materials, or for specific help in selecting a facing for a new 
clutch design, write us today. Arm 
strong Cork Company, Industrial 
Division. 7256 Irvin Street, Lan- 

Pennsylvania 


more information on 


caster 


Write for your copy of "Arms 
silient Friction Materials 
booklet illustrated witl 

charts and graphs 


Armstrong FRICTION MATERIALS 


... used wherever performance counts 
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here are important reasons for 
specifying DINGS Direct Acting 
MAGNETIC DISC BRAKES! 


e 


Teea 


^I 


[X 


H— 


Ж Backed by years of specialized experience, 
the new Dings DIRECT-ACTING Magnetic 
Disc Brake now offers a combination of design and 
operating features never before offered to indus- 
tries where automatic, controlled braking is required. 


With simple, rugged construction, the new 
Dings Brakes are fully accessible, simple to 
install and adjust . . . with full direct action, 
which eliminates all mechanical linkages 
and levers, assuring instantaneous 
release and consistent, positive stops. 


The new Dings Brake accommo- 

dates the standard NEMA sbaft 
extension, and may be used for 
THRU-SHAFT when specified. 
Designed to meet new re-rated and 
old NEMA motor standards. 
Torque ratings from 1'/, through 
175 lbs. ft. 


Write for new Bulletin BK 4003 


DINGS BRAKES, INC. 


A SUBSIDIARY OF DINGS MAGNETIC SEPARATOR CO 


4715 West Electric Avenue 
Milwaukee 46, Wisconsin 


08255-2/3 


© See our Catalog in SWEETS PRODUCT DESIGN FILE—Section 5a/Di. 


COUPLINGS 


for 


POWER 
TRANSMISSION 


Gear-Grip ... 


The most revolutionary design advancement 
for integral H.P. in a century! 


Positive power 

transmission of rated 

load. Gear teeth on end castings 
match special rubber tube section 


Load ranges—2'2 H.P. to 25 H.P. 
Shaft sizes—34” to 174”. 
Specified lengths to design 
requirements. 

Prevents end thrust. 

"By Eye" shaft alignment. 

No lubrication required. 

Shaft Safety features. 


Dyna-Line . . . 


The finest flexible coupling in single unit 
construction—specifically designed for frac- 
tional H.P. 


AR 3R 2R IR OR 


True Flexibility and Torsional Resili- 
ence for quiet, load-plus power trans- 
mission without extreme deflection or 
twist. 
Lengths varied to design specifica- 
tions in each series. 
Load ranges— 1/15 to 12 H.P. 
Shaft sizes — 
3/16” to 34”. 
Lowest O.D. 
for highest 
torque capo- ( 
city. 

Write for Catalogs ond 

Technical Bulletins. 


PRODUCTS CORP. 


COUPLING DIVISION 


DEPT. PE-H, 1215 E. SECOND ST. 
MICHIGAN CITY, INDIANA 
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has been increased. You can now get sizes 
ranging from 8 to 120 dp! No matter what 
the size, or whether you need thousands or 
millions, you can expect the same remarkable 
accuracy and top quality in every piece we sbip. 


The outstanding success of WINZELER Stamped 
Gearing results from vastly improved methods 
of Tooling, Stamping, Assembling and Inspec- 
tion. Mechanisms run smoother, quieter, longer. 
Production flows faster. Savings, up to 60%, 
are common. Ask us now about the Gearing 
you need. Send drawings or descriptions. Ideas, 
suggestions, low cost estimates do not obligate 
you. Write TODAY! 


T he range of WINZELER Stamped Gearing 


MAIL THE 
COUPON 
FOR FREE 
STAMPED 
GEAR FOLDER 
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WINZELER NOW STAMPS 
BETTER GEARING FROM 


8 10 120 op: 


SEE .018 INCH DIAME- 
TER HOLE STAMPED 
IN MAGNIFIED IMAGE 
OF .032 INCH FACE, 
120 DP BRASS GEAR. 


Now, WINZELER suc- 
cessfully Stamps and 
shaves with special tool- 
ing, Gearing from BAKE- 
LITE material up to 1/8" 
thick. Sizes, from 8 to 
16 dp. Teeth are sharp, 
clean-cut, uniformly ac- 
curate. CUT COSTS. 
Check up on these tough, 
quiet, lightweight Gears 
today. 


| WINZELER MANUFACTURING & TOOL co., 


7355 W. WILSON AVENUE, CHICAGO 31, ILLINOIS 
Gentlemen: 

Please mail to me, at once, a copy of the 
free WINZELER Stamped Gear folder. 
NAME 


COMPANY 


ADDRESS. 
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DIMENSIONS ONLY TELL 
HALF THE STORY... 


. about worm gear speed reducers. You've 
got to compare size with load capacity for the 
whole picture. Inside a Cone-Drive speed re- 
ducer you'll find the double-enveloping worm 
gear design that makes it the most efficient 
right-angle speed reducer available. 


Take the standard 3" center distance unit 
above for example. Here are its Class I Service 
Ratings with a 5:1 reduction: 


Norm RPM 200 | 300 | 580 | 720 | 870 | nso | 7 
- $ 1 + pm 


$ $ 
Mech. HP 1.24 į 2.21 | 3.08 | 4.89 | 5.61 | 6.34 | 7.41 | 9.04 


T + + + 


Thermol HP 1.24 | 221 | 308 | 420 | 462 | 5.10 | 6.00 | 7.80 
4 


+ + 


0 Тоғ py | [ | PE 
eer | 3340 | 3010 | 2830 | 2405 |2250 | 2150 | 1940 | 1575 


That's a lot of capacity for a unit that occu- 
pies less floor space than this magazine page. 
But it's typical of Cone-Drive speed reducers 
and gearsets. Complete details on this model in 
Bulletin 600-C. Other units to 800 HP and 
ratios to 4900:1. 


ы 


= GEARS 


1 / P IA 
Avid ión, M Augen oot o piety 
TIT) E. MeMichels Reed * Detroit 12, Michigan 


DOUME ENVELOPINO GEAR SETS & SPEED REDUCERS 


Catalogs and Bulletins continued 


(Q-16) MECHANICAL POWER TRANS- 
MISSION—Bulletin B20-54, 7 pp, de- 
scribes roller chain drives, sprockets, 
driveshafts, couplings, clutches. Morse 
Chain Co., 7601 Central Ave., Detroit 
10, Mich. 


(Q-17) SiLENT CHAIN DRIVES—Bul- 
letin 855, 4 pp, contains data, draw- 
ings, tables, photographs of drives 
where drip lubrication has been sub- 
stituted for long-used oil bath equip- 
ment. Ramsey Chain Co., Inc., Albany, 
N. Y. 


(Q-18) REVERSE AND REDUCTION 
GEARS—Bulletin 302, 7 pp, describes 
transmissions for engines having con- 
tinuous output from 90 to 225 hp at 
speeds to 1500 rpm. Twin Disc Clutch 
Co., Racine, Wis 


(Q-19) FLEXIBLE SHAFTS AND COU- 
PLINGS—Catalog 5694, 12 pp, contains 
table of the physical properties of 24 
flexible shafts and 29 flexible shaft cas- 
ings. Illustrated also in full scale are 
over 30 standard flexible shaft cou- 
plings and assemblies, and over 100 
components, including terminal fit- 
tings, casing ferrules and nuts. Kup- 
frian Mfg. Corp., 395 State St., Bing- 
hamton, N. Y 


(Q-20) ADJUSTABLE SPEED DRIVES 

Booklet, 8 pp, describes electric 
drive-and-control package for convert 
ing polyphase ac in d-c drive current 
Marathon Electric Mfg. Corp., Wausau, 
Wis. 


(Q-21) HYDRAULIC POWER TRANS 
MISSION—Bulletin 145-B, 4 pp with 
specification sheets inserted, describes 
device that can be used with electric 
motors or internal combustion engines 
of 34 to 50 hp. Twin Disc Clutch Co., 
Hydraulic Div., Rockford, Illinois 


(Q-22) TRANSMISSIONS—Bulletin, 2 
pp, describes four different standard 
models, ranging in capacities from 1 to 
30 hp and with as many as eight speed 
changes and gear ratios up to 6:1 
Western Mfg. Co., 3400 Scotten Ave., 
Detroit, Mich 


(Q-23) V-BELT DRIVES — Booklet 
2040, 74 pp, contains information on 
design features, basic drive principles 
and technical data on sheaves as well 
as hints for operation of V-belt drives. 
Allis-Chalmers Mfg. Co., 1002 S. 70 
St., Milwaukee, Wis. 
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Catalogs and Bulletins continued 


(Q-24) ADJUSTABLE SPEED DRIVE— DO-I T = Y OU RSELF 
Bulletin 1100-B, 7 pp, describes drive 


for use on ac with magnetic amplifier 
control. Louis Allis Co., Milwaukee 7 
Wis. 


(Q-25) POWER ‘TRANSMISSIONS - 
Bulletin 1003, 8 pp, describes rotary 
and linear actuators, ball screw and 
spline mechanisms, gear assemblies, 
hydraulic components. Vard, Inc., 
2981 E. Colorado St., Pasadena 8, Calif. 


(Q-26) UNIVERSAL JOINTS AND DRIVE 
SHAFTS—Brochure, 4 pp, discusses ad- 
vantages of line of needle bearing uni- 
versal joints and shows design princi- 
ples. Detroit Bevel Gear Co., 8130 Jos 
Campau, Detroit 11, Mich 


(Q-27) VARIABLE SPEED DRIVE — 
Bulletin K-200, 8 pp. Description, rat- 
ings, dimensions and other engineering 
data on all models of the Cleveland 
Speed Variator are provided. Cleveland 
Worm & Gear Co, 3249 E. 80 St, 
Cleveland 4, Ohio 


HORSEPOWER 


(Q-28) WORM GEARMOTORS—Cata- 

log 46-C, 67 pp, provides specifications, 

selection data, rating tables, price lists, 

dimensions and weights. D. O. James 

~ ` . TER DISTANCE 
Gear Mfg. Co., 1140 W. Monroe St., eu 


Chicago 7, Ill. ^ , 5" T 1” 8” 10 12” 


(Q-29) RIGHT-ANGLE SPEED REDUC " e 
ERS—Bulletin 5503, 47 pp, contains p th d Я 
data and information on spiral bevel- rove е ' erence in 


helical gear type speed reducers. West- 


ern Gear Works, P. O. Box 182, Lyn- worm gear speed reducers 
wood, Calif. a h 
yourself. Here's how... 


(Q-30) VARIABLE SPEED TRANSMIS- 


SION— Bulletin, 7 pp, describes design On this chart we've plotted the mechanical horsepower 
and selection of types of pulley-based yen 


T чокда" capacity of Cone-Drive worm gear speed reducers against 
lec sd 0 tt their center distances. Ratings are for Class I Service with 
Inc, 5401 Telegraph Road, Los An- 4 of 1780 
geles 22, Calif. a 5:1 reduction and an input speed o rpm. 


(Q-31) V-BELTS — Manual, l4 pp, All you have to do is plot the — — 
comi following topics: designing | the speed reducers you re now using or pinning 
new drive; double matching; installa- We think you'll be surprised at the results. 

amA yh heng «me . For details on Cone-Drive gearing's tq 
how to clean; storage. B. F. Goodrich design and specifications, ask for Bulletin 600C. We'l 
Co., Akron, Ohio. - send it to you immediately without obligation. 


2 *If you're too busy to ‘‘Do-it 
(Q-32) INTEGRAL BRAKEMOTOR — | yourself”, Cone-Drive rep 
Bulletin 1500, 4 pp, describes electric 


resentatíves will be glad to 
| show you filled-in charts 
motors of 3 to 50 Ib-ft torque ratings D 

(continuous ) having brake mechanism ONE. RIVE 5 : дут. 

in same housing with motor. Louis алан Michigan ГОР Сонинд 


i 3 s - » | DOUBLE ENVELOPING GEAR SETS & SPEED REDUCERS 71 &. Mettichels Reed + Doroi 12, Michigan 
Allis Co., Milwaukee 7, Wis. яп 
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dependable 


dul 


Acme Chains 
STANDARD ROLLER CHAINS dependable 
under all loads 
at all speeds! 


Available in pitches from 3% о 21/2 
riveted and detachable type 


Years of diversified experience in 
CABLE CHAINS chain design and engineering are 
Anm OM Qn d iine lo behind ACME'S dependability. 
Special analysis steels used 
throughout guarantee wear resist- 
ing surfaces and maximum tensile 
strength. ible source for preparation 
Acme chains function efficient- etter industrial and business lit 
ly under all conditions. Acme eraturt 


meets the test for economy too. 
STANDARD MULTIPLE WIDTH | You can't get becer so why pay | ШОО 


one | 
ovailable for special application more. time, money and produces results 


hd V in many 
yw from ex 
a dependabk 


Let us give vou 1 proposal on your 


FREE CHAIN TEXT! is 
Write FOR YOUR COPY 


72 pages of the kind of chain data you 
want to know. An indispensable chain 
reference. 


publication 


whole job—from р!ап 


to printing ir just those parts 


Write ACME CHAIN CORP., Dept. PDD 


Holyoke. Tel. JE 2-9458 
DOUBLE PITCH CHAIN 


Por use in slower speed power transmission 
and material handling conveyors 


ill or write for more information 


SPROCKETS TECHNICAL WRITING SERVICE 
Acme Sprockets are 


available in a wide HOLYOKE | McGraw-Hill Book Co., Inc. * 330 
range of sizes, in 
all types MASSACHUSETTS West 42nd Street *. N. Y. 36, N. Y. 
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A Formsprag 
Clutch can 
simplify the 


functioning of 
your design 


Designers are constantly finding ways to simplify 
the design of their products by utilizing Formsprag's 
higher torque capacity and precision. Over-running, 
indexing, and backstopping applications are almost 
unlimited. 


The modern, patented design of Formsprag Clutches 
is the secret. Each clutch—designed with utmost 
simplicity—offers the highest possible torque capa- 
city in an extremely small area. And, you get rug- 
ged, precision performance with long life 

The next time you're thinking of maximum clutch 
efficiency for your product —remember these prin- 
ciples about Formsprag Clutches: 


Sprags used in Formsprag Clutches Basic construction of 

are highly developed, precision Clutch is simple. A full 
wedges of hardened alloy steel. Due sprags is inserted between 
to the sprag’s design, an unusually outer concentric races. Contact 
high amount of torque is delivered race surfaces is maintained by 
from one concentric race to the other springs. Formsprag construct 
When torque is applied, the sprags more sprags to be inserted 
are instantaneously engaged. When area than other clutch designs 


torque is removed, the sprags re- greater torque capacity inasma 


lease instantaneously. 


Formsprag's engineering department has 


literally thousands of clutch application problems— 


using either standard or specially designed cl 
For further information, send for this inforr 


eight-page brochure or contact Formsprag direct 


GEARMOTOR 
> (SLOW SPEED 
FORMSPRAG » | DRIVE 
CLUTCH ۲ 


HIGH RATIO TWO-SPEED DIFFERENTIAL DRIVE 


nq arr 


tw ) f à {гї её 
wo-speed d 


power aur ng the low Speed Cy 


high speed motor acts as a count 


ransmits power to the load. [ 
»w speed motor to be 
arrangement is particular 


efficient where the speed 


quired is too great for a two-speed 


Distributors in Principal Cities 


spaa. 
MUT 


23609 Hoover Road, Van Dyke, Michigan 


World's Largest Exclusive Manufacturers of Over-Running Clutches 
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BLOOD BROTHERS makes your 
ENGINEERING JOB 


EASIER 


UNIVERSAL ... regardless of whether 
wane your project requires a sin- 
() MAL Lesern gle universal joint such 
Indust . 
Automotive as this / 
/ 


س ن9 _ 


Estimoted н? | ; 

Estimated RPM T 

Angvlority wp | 

Constant of momen! 

Special restrictions. -*** 
pp es 


rr ... à complete agricultural 
- po 2 ' ad type assembly 
$quore :** | / 


Spline 
Taper 


Keywey 


... OF an automotive or in- 
dustrial truck propeller 


shaft like this 


И 


Just fill out and mail a 
sheet like THIS—and let 
BLOOD BROTHERS’ En- 
gineers propose a helpful, 
practical solution to your 
Drive Line Problem! 


Many engineers are saving valuable time—right at 


the start of a project—by filling out and returning a 
"Spec Sheet" like this to Blood Brothers. Why not try it? 
With your power transmission requirements in mind, 
our engineers will make recommendations and sub- 
mit engineering drawings. You save designing and 
drafting time, and perhaps forestall problems, by hav- 
ing the initial teamwork of experienced specialists. 


BLOOD BROTHERS 
MACHINE DIVISION 


ROCKWELL SPRING AND AXLE COMPANY 
ALLEGAN, MICHIGAN 


This service is offered without extra charge because 
we can work more efficiently with all the facts in hand. 
Blood Brothers builds more standard types and sizes 


of universal joints than any other manufacturer (from 
300 up to 89,300 torque inch pounds continuous load). 


Why not use this experience on your next project? 
Write Blood Brothers today for your handy"’Spec Sbeets." 


UNIVERSAL JOINTS 
AND DRIVE LINE 
ASSEMBLIES 
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for 
construction 
machinery 


Roller Chain 


for 
farm 
implements 


Leaf Chains 


for flexible couplings 


And for any drive application, Chain Belt has a size 
and type of chain and sprocket that can help you in 
your drive for lower costs. Your Chain Belt District 
Sales Engineer will be happy to assist you in your 


(lucus the one best chain 


for each service 


CHAI N BELT 


COMPANY 
District Sales Offices in all Principal Cities 
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Pressed 
Steel Detachable Chain 


Chabelco^ Steel Chain 


for 
packaging 
machinery 


сла у 


for 
lift 
trucks 


for 
self-aligning 
bearings 


drive and conveyor chain, sprocket, flexible coupling, 
and self-aligning roller bearing selections to get lower 
costs, improved performance and longer life. Call him 
or mail the coupon below today. 


CHAIN BELT COMPANY 54-504 
4715 W. Greenfield Ave., 

Milwaukee 1, Wisconsin 

I want data on chains for a. 4 ó е 
O Send literature on; O Chabelco Cheias; O Roller Chains; 
O Detachable Chains; O Double Pitch Chains; C] Leaf Chains; 
O Flexible Couplings; O Bearings; O Sprockets. 

O Have a Chain Belt Man call. 


Company....... 


Address 





Drives 
fluid power transmission packages. 


( apacities from 


PO Air 
Specially 
for operation at 
higher speeds with 
less inertia and greater efficiency, 5 


Model PO is offered in sizes from 


Ibs.-ft 


SAE No. 00 Capacities to 600 hp 
Bulletin 308. 


* ФК 


уа ТА Tees 


wem x LA ELA E CEN e^ Йөк 


н CC AA ү i Ч M ND x ^ i $ 
If your problem involves applying 
А авли ve у рор 


Mic oim. 


А $ ed du à 
йд? 
ПЕ о о е E UT 
Ао AE i» 
ў Жы PM. f 


unbiased. recommendations 
are available... 


$ 


at specializes exclu- 


o driven equip 
ave designed 
at purpose. 


a company th 
g horsepower 3 
c Specialists h 
ves for just th 
n Twin Disc € 

ding the proper 'YP* 
gle stage oF n 
pe heavy-duty 


lication. 


you consult 
rrectly linkin 
918, Twin Dis 

n and fivid dri 
specializatio 
ndations regar 
including SIN 
or almost any tY 
n any type OPP 


and built frictio 


Because of this 
sed recomme 


unbia ы 
ction ог fluid 


drive—fri 
stage torqu 
industrial equ! 


e converters f 
pment—used i 


Fluid Couplings 
Sizes 7.4S to 27 for 
engines and mo- 
tors from 34 to 850 
hp. Bulletin 144-D. 
HYDRO - SHEAVI 


complete, ready-to-install, 


MOS, MOD, MTS, MTU Multiple Plate 
Clutches — 


MOS, MOD 


44 to 50 hp. Bulle 


145-( oil-actuated for re- 


mote control without complicated 


Clutches MTS, MTI 


(both oil 
designed 


linkage. 


and dry types) mechanically 

\ | 

M * actuated. Single and duplex. Sizes 
CÓ 8 | 


to 12 t to 44 hp per 100 rpm. 


Bulletins 306 and 134-B. 
126.600 


Bulletin 


through 36" (up to 


slippage capacity). 


404. 


Friction Power 
Take-Offs 


Triple - plate, 


Models CL, E, EH Clutches 


14 ) i : : 
to 21 Models E and EH in sizes 14" to 
double - plate, : Р 8S d 
Е 36", capacities 13.5 to 350 hp per 
single-plate 6.5” to 


N 1 ¢ sizes 5.5 
Housing sizes, SAE No. 6 to fodel CL in в ' 


100 rpm 
to 11.5", 1.5 to 19.5 hp per 100 rpm 


Bulletins 108-F and 120-D 


E58 


Fluid Power Take- 


Offs— 

Incorporate Fluid 

Coupling. For all 

types internal 
combustion en- 

gines up to 700 

hp. Models 14.5, 

17.5 and 21. Bulletin 144-D. 


Gears— 
capaci- 

ties and reduc- «j 
tion ratios for 6 
engines from 

10 to 340 hp 

600 to 2500 

rpm range. 
Fluid Coup- 

ling or Rub- 

ber Block Drive available. 


Marine 
Sizes, 


Three-Stage 
Hydraulic 
Torque Converters 


Up to 6:1 torque multiplication 
with wide variety of input-output 
combinations, Four sizes with a 
total of 29 capacities for any type 
gas or diesel en- 
gine from 40 to 
1000 hp. Bulletin 


135-E. 


Single-Stage 

Hydraulic 

Torque Converters— 

Currently avail- 

able in the 1500 

Series Models, of- 

fering a broad range of torque ca- 
pacities and input-output com- 
binations. Other models to be an- 
nounced as released. Bulletin 508. 


Today, Twin Disc is the world’s 
largest exclusive manufacturer of a 
complete line of Friction and Fluid 
Drives for industrial powered 
equipment. If you have a problem, 
consult Twin Disc Clutch Company, 
Racine, Wisconsin, Hydraulic Di- 
Rockford, Illinois. 


V ision, 


TWI 
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FGDTE:BROS. 


‘Bolter Power Жей оон. [2E Beller Lean 
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FOOTE BROS. 
COMPLETE 


Line-O-Power 
FAMILY 


. meets every drive 
need from stock! 


Thanks to interchangeable stand- 
ardized components, designers can 
now specify the exact Line-O-Power 
Drive they need — and get it from 
stock! Add to this convenience such 
famous Foote Bros. features as Duti- 
Rated Gearing, the exclusive spline 
drive pinion and higher capacity hel- 
ical gearing and you have the most 
adaptable, serviceable and econom- 
ical line of standard drives that are 
available anywhere. 


Stocked interchangeable compo- 
nents are available in a e te 
range of sizes, ratios to over 2700 to 
l, capacities up to 150 H.P., in single, 
double, triple and quadruple reduc- 
tions. Line includes integral gear- 
motors, demountable motor drives 
and variable speed drives, too. 


Write for this 
catalog that shows 
how you can get 
more for your drive 
dollar with 
LINE-O-POWER. 
Complete technical 
data is also 
available on other 
enclosed gear 
drives and standard 
gear sets, worm 

or helical. 
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Motoreducers 
All-Motor Horizontal 


Motoreducers 
All-Motor 
Vertical 


Steelflex Couplings 
Standard or Dual Purpose 


lt 
Airflex Couplings—For 
High Torque Fluctuations 


5. 


Speed: Reducers—Large 
Right Angle Horizontal 


6. 


High Speed Gear Drives, 
Reducers or Increasers 


7. 


Marine Propulsion Gears, 
Turbine or Diesel Driven 
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Motoreducers 
All-Motor Right Angle 


Shaft Mounted 
Drives 


N 


Lorge Steelflex Couplings 
for Heavy Duty Service 


e 


Speed Reducers 
large Parallel Shaft 


Speed Reducers—targe 
Right Angle Vertical 


7. 


Special Gear Drives 
for Any Application 


Helical Gears—Any Size 


A wider choice of standard designs 
Practical features exclusive to Falk 
Sound, progressive engineering 

In-built factors for long, efficient service 


DRIVES and COUPLINGS 


You can rely on Falk for top quality engineering and craftsman- 
ship. For more than half a century, Falk engineers and production 
men have specialized exclusively in the design and manufacture 
of quality drives and couplings. This accumulation of experience 
and continuous research has produced a line of products noted 
for mechanical efficiency, long life, and progressive, practical de- 
sign . . . products which have earned for Falk a good name in 
industry throughout the world. 


Motoreducers . The famous All-Motor Motoreducer uses any 
standard foot-mounted motor within the capacity of the gear unit. All- 
steel construction; helical gearing. Horsepower range from l through 
75 hp. Output speeds: concentric shaft design — from 1.8 to 580 rpm; 
right angle shaft design — from 1.2 to 350 rpm. Ratios up to 54,000:1 
in special units, Integral design also available, from 1 through 40 hp. 


Shaft Mounted Drives . . . A variation of the Motoreducer design, 
adapted for mounting on shaft to be driven, using V-belt connection to 
motor. All-steel construction, helical gearing. Single or double reduction 
units in six sizes. Horsepower range from 1 through 30 hp. Output 
speeds from 420 to 14 rpm. Offset shaft design provides means for ad- 
justing belt tension by using turnbuckle on tie-rod. 


Steelflex Couplings . . . Exclusive grid-groove design smothers shock 
and vibration, accommodates reasonable degrees of shaft misalignment 
and free end float. The basic Type F is applicable to more than ninety 
per cent of all industrial applications, horizontal or vertical. Thirty-three 
sizes to cover capacities from 2/5 through 70,000 hp per 100 rpm 
(basic rating). Special or dual purpose Steelflex designs available for 
problem applications, Almost a million Steelflex couplings have gone 
into industrial service. 


Airflex Couplings . . . Protect machinery against damage from im- 
pacts resulting from irregular torque characteristics of prime mover or 
driven machine, Require no maintenance. Provide electrical insulation 
between machines, Dual purpose types for problem applications. 


Speed Reducers . . . Falk precision cut helical or spiral bevel gears 
produce highest attainable mechanical efficiencies, Sturdy housings, lib- 
eral bearing capacities, positive lubrication. Concentric Shaft Reducers: 
from 1 through 150 hp; ratios from 1.5:1 to 970:1. Parallel Shaft Re- 
ducers: from 15 through 3000 hp; ratios from 2:1 to 300:1; sleeve or 
roller bearing units. Small Right Angle Reducers: horizontal or vertical 
output shaft; from 1 through 200 hp; ratios from 5:1 to 1450:1. Large 
Right Angle Reducers: with horizontal output shaft — from 15 through 
1000 hp, with ratios from 1.5:1 to 515:1; with vertical output shaft 
(up or down) — from 15 through 700 hp with ratios from 6:1 to 430:1. 


High Speed Drives . . . For use as reducers or increasers. Quiet 
operation, high efficiency. Standard units: horsepower range through 
5000 hp; maximum speeds ranging from 4500 to 9000 rpm. Special 
designs: horsepower ratings through 21,500 hp and higher; output 
speeds above 50,000 rpm, if required, 


Special Gear Drives . . . Falk engineering experience and complete 
production facilities have designed and produced gear drives for almost 
any application . . . from sturdy, slow speed mill drives . . . to large 
marine propulsion drives . . . to ultra high speed drives. 


Single Helical or Herringbone Gears . . . For any application. Hub 
gears, ring gears, mill pinions. Precision cut. Falk improved tooth form. 
Face widths up to 6 ft or more. Diameters up to 18 ft. Gears made of 
Falk alloy steels; pinions made from steel forgings. Full load efficiency 
of 98%, per train. 


THE FALK CORPORATION 


3020 W. Canal Street, Milwaukee 8, Wisconsin 


REPRESENTATIVES AND DISTRIBUTORS IN MOST PRINCIPAL CITIES 
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] Cranes ] Pulp Processing Machines 


[ ] Shovels 
Feeders Lift Trucks UTILITIES 
Conveyors ï RUBBER rie 

MINING AND PLASTICS 2 
CHEMICALS [C] Conveyors [] Boiler Feed Pumps 


] Extruders 
Pumps [ ] Hoists | Feeders 


i |] Plasticizer 
Conveyors | Mills asticizers 
Process Machinery [C] Calenders 
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Eddy-Current Equipment 
Can Be the Solution 


Using standard AC lines as a power source, Dynamatic torque 


DYNAMAT DIVISION 


transmitting equipment satisfies most stepless adjustable speed 
requirements. Dynamatic Ajusto-Spede® and Dynaspede с 

end for your free copy of the 
Drives, Couplings, Brakes, and Dynamometers with electronic Dynamatic Bulletin GB-2, which 
illustrates and describes eddy- 
current adjustable speed rotating 
response, wide speed range, quiet operation, low power losses, equipment. 


or magnetic amplifier control provide the advantages of rapid 


low maintenance cost, and remote control. 


DYNAMATIC DIVISION———— 
MANUFACTURING COMPANY 
3307 FOURTEENTH AVENUE . KENOSHA, WISCONSIN 
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Here's something 


How to keep informed 


on the 


GEAR CATALOG 


part of your business 


TELLS ALL 
IS EASY TO USE 
SAVES YOU TIME 


Bond Gear Catalog +100 is NOT just a listing of 
available Bond Stock Gears. It provides you with 
the means to easily, quickly, and correctly select the 
right gear and the right component part for any 
particular application. Features include: 


1. A complete listing of Bond Stock Gears, 

including our new line of miter gears pro- 

duced with the new 20" Gleason "Coniflex" 
tooth form 
2. A complete listing of the newly re- 
designed line of Bond Speed Reducers 
providing greater HPD (Horsepower 
Per Dollar) 


3. A complete listing of Bond Sprockets, Flexible 
Couplings, and related transmission components. Vo 


4. Easy selection tables for all components 


5. Horsepower listings for all components at various 
speeds 


6. Color-coded sections for quick location of desired 
information 


SEND FOR YOUR FREE COPY OF BOND GEAR CATALOG 


COMPANY 


Wheel in the Window 


617-23 ARCH ST., PHILA. 6, PA. MArket 7-6600 


AT YOUR FINGER TIPS, issue aiter issue, 

is one of your richest veins of 

job information — advertising. 

You might call it the “with what” type — 

which dovetails the “how” of the editorial pages. 
Easy to read, talking your language, geared 
specifically to the betterment of 

your business, this is the kind of practical 

data which may well help you do a 

job quicker, better —save your company money. 


Each advertiser is obviously doing 

his level best to give you helpful information. 
By showing, through the advertising pages, 
how his product or service can benefit you 
and your company, he is taking his most 
efficient way toward a sale. 


Add up all the advertisers and you've gct 

a gold mine of current, on-the-job information, 
Yours for the reading are a wealth of data 
and facts on the very latest in products, 
services, tools . . . product developments, 
materials, processes, methods. 


You, too, have a big stake in the 
advertising pages. Read them regularly, 
carefully to keep job-informed on the 
“with what” part of your business. 


McGRAW-HILL 
PUBLICATIONS 
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This photograph shows tooth contact of a Curvic 
shaft. The coupling 


Coupling used in an aircraft drive 


CUI 





VIC" COUPLINGS —what they are 


and how they can help improve your product 


Curvic Couplings are precise face splines 
that drive, center and align parts with a 
high degree of accuracy. 

They can improve your product by 
giving improved design, simplify main- 
tenance through the use of interchange- 
able parts and lower production costs by 
eliminating the need for large complex 
parts. 

Because Curvic Coupling teeth curve 
lengthwise—either concave or convex— 
contact between the joining teeth is con- 
trolled. The load carried is equally dis- 
tributed on all tooth-to-tooth 
spacing is held to extremely close limits. 


teeth as 


Therefore, Curvic Couplings can be made 


thinner and lighter than many 


other types of toothed connections 


smaller, 


Three principal types 
1. The permane nl Curvric Coupling is 
for driving and 


used 
aligning. It is for such 
uses as building up accurately balanced, 
precision rotors for jet aircraft engines. 
Curvic Couplings can hold mating parts 
within 0.0005” total runout 

2. The 


kk ws 


semi-universal Curvic Coupling al- 
shafts 
together with axial freedom. Local 


misalignment of maxi- 
mum 
ized tooth bearing prevents load concen 
tration on ends of teeth. 


Shifl and overload ( $s main 


GLEASON WORKS 


Builders of bevel gear machinery for over 90 years 


1000 UNIVERSITY AVE., ROCHESTER 3, N. Y. 


tain proper tooth conta 
engages and disengage 
washing machine 
trucks, outboard 
wherevel 1 positivi 
needed 
Overload clutches 


' 


imount of torque ti 


used in 


motor 


» be 
be regulated, as in power 

The Gleas 
will be glad to « 
C.urvic ( 


m Engineering 
onsult with y 
ouplings for your pr 
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Required: 
12,000 rpm... 
and only a 


Filme’ 
“Timing” 
Belt drive 


met the need... 


with lightness 


and compactness 


UILT TO serve as a lightweight, foolproof source of emer- 
B gency or auxiliary electric power, this new Lear Portable 
Electric Generator is a miracle of efficiency. Helping to make 
that miracle possible is the Gilmer “Timing®” Belt drive 
which Lear chose for the vital job of transmitting the power 
of the 3 hp. gasoline engine to the high-speed alternator 

This bantam power supply, occupying only 15 cubic feet 
and weighing as little as 35 pounds, produces up to 1500 
watts AC or 1350 watts DC. To achieve such efficiency the 
alternator is designed to operate at approximately thre 
times the engine’s 4000 rpm speed, or nearly 12,000 rpm! 
This means that the belt must travel at almost a mile a 
minute, even though very small-diameter pulleys are used 

For such an application no other type of drive of equal ca- 
pacity can match the “Timing” Belt’s lightness of weight, 
compactness, and ability to transmit full power at such high 
speed without slippage, without lubrication and without 
take-up or other maintenance! Lear’s own literature points 
up these additional facts 


*Positive tooth grip replaces friction grip, eliminates 
need for initial belt tension, lightens bearing loads. 


“Selected for its high efficiency, the flat tooth-belt drive as- 

sures a long, dependable operating life for both engine and 
alternator due to reduced 
radial bearing loads which 
this particular drive allows”. 
The belt is steel-cable-rein- 
forced and will give long life 
and trouble-free service.” 

Your local NYB&P- 
Gilmer Distributor stocks 
standard “Timing” Belts 
and pulleys and will gladly 
help in obtaining special 
sizes you may require for 
original equipment. Consult 
your classified telephone di- 
rectory for his name. 


larger 3500-watt Lear unit em- 
ploys a compact 2”-wide Gilmer 
“Timing” Belt drive. 


> 


3 
^) v. BELTS AND "'TIMING*"' BELTS 


NYB&P INDUSTRIAL RUBBER PRODUCTS 


America's Oldest Manufacturer of Industrial Rubber Products 
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(rerb “TIMING” BELTS 


Making 
one motor 


do the job 
of five 


This is one more example of the U.S. PowerGrip “Tim- 
ing"? Belt's ability to simplify and improve a power 
transmission unit . . . one of the reasons why the inven- 
tion of U.S. PowerGrip “Timing” Belt was recently 
awarded the Franklin Institutes Edward Longstreth 
Medal for "Invention of High Order." 

Whether it's for the design of hand tools, lathes, drill 
presses, saws, electric typewriters — from fleapower to 


horsepower—U.S. PowerGrip offers all these advantages: 


Mechanical Goods Division 


663% CYCLE 


25 CYCLE 
GENERATOR 


бЕМЕВАТОВ 


16% CYCLE 
бЕМЕВАТОВ 


50 CYCLE 
GENERATOR 


334 CYCLE 
GENERATOR 


Above is a schematic drawing of a 5-frequency tele- 
phone ringing unit on a party-line system Previously, 
five motors were needed to generate the different ring- 
ing frequencies. But with the installation of just three 
U.S. PowerGrip “Timing” Belts (TB) only one motor 
is needed now. That's because U. S. PowerGrip provides 
a positive, non-slip grip that preserves the exact speed 
ratios and the synchronization needed to maintain criti- 
cal frequencies. And there is absolutely no measurable 
А 7 


• по slippage, no take-up—allows short centers, high ratios. 
» absence of metal-to-metal contact — eliminates need for 
lubrication and housing devices. 

« handles speeds up to 16,000 F.P.M. or so slow as to be 
imperceptible to the eye. 

e close to 100% efficiency. 

e imbedded with steel cables for high tensile strength 

« constant angular velocity 


These belts — plus expert engineering service — are ob- 
tainable at "U.S." power transmission distributors, at 
any of the 28 "U.S." District Offices, or by writing us at 
Rockefeller Center, New York 20, N. Y. 


United States Rubber 
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Why specify one sheave instead of another? 


Some folks seem to think there's no difference 
between sheaves. No matter who makes them or sells 
them, a sheave's a sheave and a V-belt's a V-belt. Period. 

Not our users, though. They know our sheave (the 
Worthington QD) is different. More to the point, they 
know it's better than other sheaves. And easier to get, 
too. There are Worthington service outlets practically 
everywhere. Never any delays in stock shipment or 
service! MV.5.4 


* 


TAKE A CLOSE LOOK at this cutaway view of the Worthington SCIENTIFIC DESIGN of QD sheaves not only provides more 
OD the original two-piece sheave. See how unique two efficient transmission of power but actually adds to the looks 
piece construction makes it easy to get on, easy to get off of your product. What's more, I-beam construction of the 


But its heavy-duty split-tapered-cone hub grips shaft tightly, QD driveN sheaves provides greater strength with less weight. 
holds fast under the heaviest shock loads. 


WAREHOUSES LOCATED AT: Kearny, NJ. + Oil City, Pa. * Seattle 
Son Francisco * Los Angeles * Denver * Tulsa * Ft. Worth * Houston 
New Orleans * Chicago * Cleveland * Atlanta, Ga 


PROMPT SHIPPING SERVICE. Thirteen factory warehouses GOOD NEWS for engineers: This free, 100-page "Master 
with stocks covering over 100,000 V-belt drive stock com Engineering Manual" makes sheave and V-belt selection as 
binations, from '? to 600 horsepower, support over 250 easy as falling off a drive shaft. Write for it today to 
stocking distributor outlets. These shipping centers can fill Worthington Corporation, Mechanical Power Transmission 
your requirements fast Division, Section MV.5.4, Oil City, Pa. 


eee 
LLL 


yr 


SPECIFY THESE WORTHINGTON STANDARD PRODUCTS ON YOUR EQUIPMENT 


Compressors . Pumps . Multi-V-Drives . Variable Speed Drives 
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YOU'LL FIND G. $. GEARING IN TOP 
QUALITY PRODUCTS LIKE THESE... 


Adding Machines e Aircraft Instruments and 
Radios e Automatic Musical Instruments e Business 
Machines e Check Signing & Protecting Machines 
e (Clippers for Barbers, Animal Shearing & Hedge 
Trimming e Cloth Cutting Machines e Coin Changers 
& Counters e Communication Equipment e Electric 
Fans e Electric Motors * Floor Polishers, Sanders, 
Scrubbers, Sweepers e Food & Drink Mixers, Blenders 
e Home Appliances e Lawn Sprinklers e Machine 
Tools e Meat Tenderizers, Grinders; Slicers e 
Military Equipment e Motion icture Cameras & 
Projectors e Outboard Motors e Pneumatic Pro- 
duction Tools e Portable Electric Tools e Radio & 
Radar Tuning Assemblies e Radio Anti-backlash Gears 
e Record Changers e Sewing Machines e Steel Strap 
Stretchers e Step Switches e Tapping, Drilling & 
Threading Equipment e Telephone Dials e Television 
Sets e Thermostatic Controls e Typewriters e Vend- 
ing Machines « Washing Machines. 


Specialties, Inc. 


2635 WEST MEDILL AVENUE 
CHICAGO 47, ILLINOIS 


SPURS * SPIRALS * HELICALS * BEVELS * INTERNALS 
WORM GEARING * RACKS * THREAD GRINDING 


WORLD'S LARGEST EXCLUSIVE MANUFACTURERS 
OF FRACTIONAL HORSEPOWER GEARING 


FRACTIONAL Wo, 
5 


9 


9 № 
Niuya9 №? 
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PHOTO PT FUEL PUMP 
COURTESY CUMMINS 
ENGINE CO., INC 


DIESEL FUEL AND AIRCRAFT HYDRAULIC 
SYSTEMS ARE MORE DEPENDABLE WITH 


G. S. SMALL GEARING 


GEARING for Diesel Fuel and Aircraft Hydraulic Syst 

measure up to the most rigid quality standards. Oc 

a single, intricate component requires 40 or more 

accurate operations. You see, Pump Gearing | 
without fail, under all operating conditions. Utter dependability 
is essential. * G.S. Small Gearing is usually specified fc 
mechanisms that perform perfectly always. Will YOU also join 
the fast-growing group of critical customers who come to "Head 
quarters” for all the Small Gearing they need? You'll find 
pleasant and profitable to do this 


SEND FOR FREE s: 22:25:27 
JOE . 4 14 Guide. It describes 80 types 


and applications. Contains useful charts . . a valuable aid t 
anyone interested in Small Gearing. Use company letterhead 
please. No obligation, of course. Write today! 


1d 1+ 


GO Yeas of јин tn dna Gea ting! 





Eliminate "high-cost-specials" 
by standardizing on 
AMERICAN STOCK GEARS 


For efficiency and economy — reach 
for the handy American Stock Gear 
catalog when you are specifying 
gears for the product you are de- 
signing...Save time...Save money. 


You'll find it easy to select your 
exact requirements in gears from 
American's complete line. It covers 
every industrial type. Made in brass, 
bronze, semi-steel, cast iron, and 
non-metallic materials in a range of 
48 to 3 diametral pitch. 


These top-quality stock gears are 
readily available from an author- 
ized distributor near you. If you do 
not know his name, write us. 


And, if you do not have 
American Stock Geor Cat 
alog 360, ask for a copy 
It can help you quickly 
solve many problems 


AMERICAN 


Universal Joints 


Available from stock in 13 sizes with 
bored or solid hubs ranging in diameter 
from .375" to 4.000". Speciol bores, 
bores with keywoys or setscrews ore 
available upon special order. 


Flexible Couplings 


ASG Flexible Geor-Type Couplings 
consist of 2 spur toothed steel hubs 
connected by internally toothed 
non-metallic center collar. Available 
from stock in 45 models with hub 
diameters ranging from Va" to 2% 


Speed Reducers 


Perfection Worm Gear Speed 
Reducers are offered in 5 
complete series to answer 
widest possible industrial 
demands. Rugged, close 
tolerance construction assures 
yeors of service ond 
satisfaction. 


STOCK GEAR 


division Perfection Gear Company, Harvey, Iil., U.S.A. 
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Catalogs and Bulletins continued 


(Q-33) Moror-GEAR TRAIN—Cata- 
log sheet, 2 pp, includes dimensional 
drawings, performance features and a 
table giving motor length, gear train 
length and related data. John Oster 


Mfg., 1 Main St., Racine, Wis 


(Q-34) FLEXIBLE SHAFTING—Bulle- 
tin, 8 pp, describes and illustrates line 
of flexible shafting for power trans- 
mission in tools, machinery, processing 
equipment, instruments. Elliott Mfg 
Co., 91 Prospect Ave., 


N. Y 


Binghamton, 


(Q-35) ADJUSTABLE SPEED DRIVI 

Bulletin GEA-6234, 8 pp, describes 
general-purpose full-wave adjustable 
speed drive having printed control cit 
cuits. General Electric Co., Schenectady 


5, N. Y. 


(Q-36) ADJUSTABLE SPEED DRIVI 
Bulletin PBÁ700-1, covers these pack 
aged, pre-wired, pre-assembled units 
which provide the flexibility of d« 
motor performance from an a-c power 
supply. Elliott Co., Jeannette, Pa 


(Q-37) ROTARY GEAR PUMP—Bulle 
tin H2, 8 pp, describes pump for oils, 
burner service, hydraulic machinery, 
lube oil circulation, chemicals, marine 
service and general transfer, in the 
range of 32 to 250,000 SSU, 1 to 350 
gpm, 300 psi for continuous duty, 500 
psi for intermittent service. Sier-Bath 
Gear & Pump Co., Inc., 9252 Hudson 
Blvd., N. Bergen, N. J 


(Q-38) SPEED CHANGERS—Bulletin 
20B 6013-D, 6 pp, includes arrange 
ment diagrams, a selection table show 
ing recommended unit size for stand 
ard motors, and a speed range table of 
speed changers. Allis-Chalmers Mfg 
Co., 1002 S. 70 St., Milwaukee, Wis 


(Q-39) HYDRAULIC CYLINDERS 
Bulletin 1C-2.3, 8 pp, gives data on 
this cylinder, which operates on 500 
psi, max, oil or 200 psi, max, air. Na- 
tional Pneumatic Co., Inc., 125 Arm- 
ory St., Boston 19, Mass 


(Q-40) HYDRAULIC CYLINDER— Bul 
letin H-104K, 8 pp, contains data on 
line of heavy duty 2000 psi hydraulic 
cylinders in 115 through 12 in. bores, 
up to 22-ft strokes and 19 different 
mounting styles. Miller Fluid Power 
Co, 2040 N. Hawthorne Ave, Mel. 
rose Park, Ill. 
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most reliable variable speed drive made 


SIZES FROM FRACTIONAL TO 3 H. P. 


There are four sizes of Graham each in a wide variety of styles. All drives 
may be had either with built-in motor or with input shaft extension for coup 
fing or belting to separate motor or to a shaft of the machine. Controls are 
either single turn, micrometer, lever or remote electrical control with speed 
indication at the remote point. Built-in motors may be had of nearly any 
desired mechanical and electrical type, open, totally enclosed, explosion- 
proot, motor with built-in brake included 


6 OUTSTANDING FEATURES 


Ultimate in simplicity and com Unmatched for accuracy of speed 


pactness setting and resetting and speed 


Unlimited speed range from holding. 


any desired maximum down to No perishable parts. 


zero including reverse if 


wanted 


Twenty year performance record 


without stopping the Low cost. 


motor 


COMPLETE LINE OF BUILT-IN GEAR BOXES 


Ihe Graham gives every speed from any desired maximum down to zero 
(including reverse if wanted, without stopping the motor). The Graham 
should be so selected that the desired maximum speed of the driven shaft 
is had when the Graham is running at approximately its top speed. When 
this requires reduction or step-up gearing, this may be had without the cost 
and complication of a separate gearbox since the Graham is available with 
built-in single reduction or step-up spur gearing, single reduction worm 
gearing with output shaft horizontal or vertical, and double reduction helical 
gearing. Only four mounting bolts are required for the entire assembly 

transmission, built-in motor and built-in gearbox — the ultimate in com- 


pactness, 
continuous 


[277 


тон reliable variable speed drive made ET 
clock service 


Ta 


Because 


engineered 
and rated for 


Company 
Nome 


Address 
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pumps, welding positioners, con- 
veyors, and many other machines 
where continuous, unfailing opera- 
tion is paramount, select this drive 
— because of dependability. 


Accuracy 

The Graham is guaranteed to give 
greater accuracy of speed holding, 
speed setting and speed resetting, 
without need of auxiliary governing 
device, than any other variable 
speed drive made — mechanical, 
electrical, electronic or hydraulic. 
On applications such as controlling 
the cut-off knife to maintain uni- 
form length of rods, tubes, sheets, 
etc., the Graham has maintained 
measured accuracy in continuous 24 
hour-a-day operation within .04 of 
1%. This you get in the Graham 
without added cost. 


Economy 

The standard Graham costs no more 
than ordinary belt-type transmis- 
sions and in many applications the 
Graham is lower-priced because — 
unlike belt and other drives, it in- 
corporates both speed variation and 
speed reduction and so saves the ex- 
pense of costly speed reducers. 


Mail This NOW... 


GRAHAM TRANSMISSIONS, INC. 


DEPT. PE, MENOMONEE FALLS, WISCONSIN 


Gentlemen: Pleose send your latest cotalog o 





GET THE FACTS ABOUT SIMPLE DISC CLUTCH 


USES LIGHT PRESSURE * DOESN'T GRAB 


SPEED REDUCERS... 


75 types and sizes—spur, worm and 
combination—ratings from 
1/50 to 168 hp... . ratios up to 
10,000 to 1. Specials to order. 


GE A RS e» » —no Stocks— 
96 pitch to 5/7 D.P.— м" 
P.D. to 18" P. D.—custom cut from 
any gear material. ‚= 


THIS à integral v-belt pulley » integral sprocket» cut-off coupling 
b 
A C C t x or sleeve * easy manual operation » adjustable * powerful 


DATA -PACKED, For stub or through shaft application, these Type K 

96 PAGE POCKET- SIZE atu, am clutches—rated up to .8 HP at 100 rpm—have generous 
CATALOG - safety factors throughout to stand severest service. 

| Ihreaded steel-adjuster permits precise easy adjustments 


GIVES YOU e : P , 
to assure maximum capacity and minimum engaging pres- 


VALUABLE TECHNI- a : o fas EE a 
CAL INFORMATION sure. Clutch locks itself in engaged position. Write for new 


„Yours FREE on request. l descriptive Bulletin K-4 including complete specifications. 
Write today. 


LI E 
RBRRT GEAR and MACHINE CO. ne EDGEMONT ... „= со. 


Mfrs. of Gears and Speed Reducers 


4824 WEST 16th STREET * CHICAGO 50, ILLINOIS 2200 HOME AVENUE * DAYTON 1, OHIO 


Catalogs and Bulletins continued 


WV il [^ Mi ©) ar (Q-41) O1L-HYDRAULIC PUMPS, CON- 


е : с TROI Catalog 5001A, 56 pp, de- 
The Original Rivetless Chain for Trolley Conveyors А d 


scribes line of pumps, controls and 
accessories for general industrial appli- 
cation. Vickers, Inc, 1400 Oakman 
Blvd., Detroit 32, Mich 


(Q-42) BOTTLE OILERS AND OI 
Cups—Circular 580, 4 pp, describes 
constant level oil controls, bottle oilers 


IMPROVED for plain bearing lubrication, glass 


body oil cups, aluminum body oil cups 


X-458 DESIGN Lukenheimer Co., P. O. Box 360, Cin- 
cinnati 14, Ohio. 
Has Greater Strength — Same Weight 


| (Q-45) ENGINEERING RESEARCH AND 
For years a standard for continuous overhead conveyors, the A DEVELOPMENT- Booklet, 30 рр. de- 
improved X-458 rivetless chain provides even greater flexi- | 0 E 
bility for vertical bends, and greater strength without in- / P H bly i Mecl ‘cal Div 
crease in weight. This was effected by adding a web at | | sem ly mac une. ecnanica IV., 
center of side link and revising the radii of certain bear- | | | General Mills, Inc., 1620 Central Ave., 
ing surtaces. X-458 chain is drop-forged heat-treated . . : 

, р aA polis inn 
with ave. ult. strength of 50,000 Ibs., and weight of Minneapolis, M 
3.125 lbs. per ft. Wilmot lists the largest choice of 
rivetless chain sizes. Any one will interchange with 


the same number of any other chain (Q-44) AIR CYLINDERS—Bulletin A- 
Send јол 248-mg. Wilmot Chain Cat. 105K, 8 pp, gives design, construction, 
engineering, mounting and dimen- 
sional data on 200 psi heavy duty air 
cylinders. Miller Fluid Power Co., 2040 


WILMOT ENGINEERING CO: Hazleton, Pa. N. Hawthorne Ave., Melrose Park, Ш. 


scribes development of automatic as- 
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When you plan 

for COST REDUCTION 
— use this time-proved 
FORMULA 


тт BOSTON _ TRANSMISSION 


E ECONOMY 


Get the NEW. gi. 
Catalog No. 56 


576 PAGES — lists all products 

You'll find hundreds of new products, new models, 

new sizes — and 50 pages of simplified Engineering BOSTON... 
Data to help you plan new efficiency, new economy is right 

in any transmission hookup. Boston Gear Works, h a 

71A Hayward Street, Quincy 71, Massachusetts, ir 


CALL YOUR 


BOSTO 


DISTRIBUTOR 


For nearest Distributor, look under "GEARS" 
in the Yellow Pages of your Telephone Book. 


7124 ‘‘OFF-THE-SHELF’’ TRANSMISSION PRODUCTS FROM STOCK -AT FACTORY PRICES ASK FOR CATALOG 
— STANDARD STOCK GEARS ——— SPROCKETS & CHAIN — SPEED REDUCERS ————————- BEARINGS —————————— OTHER PRODUCTS — 
P. @ A 


} І rf B \ i є, 
À ) К^ E) + Aa A yv 
v WD 199 WV \ c B AUG «ғ x 45 
= BGA е е 

— wien i x 
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ROLLER CHAIN * SILENT CHAIN * CONVEYOR CHAIN © SPROCKETS » FLEXIBLE COUPLINGS 


E72 


THINK OF CHAIN 
THINK OF 


WHITNEY 


FOR COST CUTTING 


DESIGNS 


Your power transfer or conveying drive designs deserve specialized 
thinking to save time, money, space and material. Whitney engineers 
have met industry's most exacting demands for 60 years, specializing 
in the design and manufacture of precision steel chains and sprockets. 


Whitney's long range experience brings you top know-how for the develop 
ment of practical, economical drive designs. For example—Whitney developed 
an original, exclusive Mine Loader Chain providing greatly increased tonnage 
production through longer life, plus fast, easy replacement a contribution 
welcomed by the entire mining industry. In agriculture, Whitney's revolu 
tionary Self-Lube Agricultural Chain increases service life 500% under severe 
dust or mud operatng conditions another exclusive design that demanded 


thinking 


Whitney Roller, Silent and Conveyor Chain is available in all A.S.A. sizes 
Attachments for Roller and Conveyor Chains meet adaptability demands and 
increase design possibilities. Whitney Sprockets are precision cut in all stand 
ard types, pitches, widths, and materials available from stock or made 
to order. Whitney Flexible Couplings are of simple design, all-steel, three 
piece construction assure wide adaptability, easy assembly, positive opera 


tion and long life 


Whitney Service Centers and distributors are located throughout the U.S. to 
assure prompt, reliable deliveries and engineering assistance. Write for our 


complete technical catalogs on drive engineering 


CHAIN COMPANY ^ 
204 HAMILTON STREET * HARTFORD 2, CONN. 


CREATORS OF SELF-LUBE ROLLER CHAIN 


for 
CONVEYOR 


UNIVERSAL — CHA 


it's really 


FLEXIBLE 


PHILADELPHIA 


ИШТ 
can be mounted in any 
of the above positions 


The HVUT Units not only offer you complete 
flexibility of mounting, but very easy change of 
output speeds—within a matter of minutes, the 
Helical gear chamber can be opened and gear- 
ing replaced to give exact speed change de- 
sired. Two separate helical gear sets form the 
high speed reductions, while the slow speed 
reduction consists of heavy-duty worm gearing. 
All gears, bearings, shafts and housings are of 
the very finest materials, to assure you of ef- 
ficient, trouble-free, long-lived performance. 
Another feature—all Units are equipped with 
the famous Philadelphia "Dry Well" construction 
which assures a completely dry area around the 
output shaft, even when the shaft is mounted in 
a "shaft-down" position. 

HVUT Reducers are rugged and absolutely de- 
pendable Units, designed and built by one of 
the Pioneers in Industrial Speed Reducers. They 
are the ideal drives for most every type of 
Conveyor, including trolley, floor and pit types 
—and remember, the HVUT Units are available 
at low initial cost. 


Send for Catalog “HVUT-55". 


phillie gear ' 


PHILADELPHIA GEAR WORKS, INC 
ERIE AVE. & G STREET, PHILADELPHIA 34, PENNA 
Offices in all Principal Cities 


INDUSTRIAL GEARS & SPEED REDUCERS 
LIMITORQUE VALVE CONTROLS 
FLUID AGITATORS + FLEXIBLE COUPLINGS 


Virginia Gear & Machine Corp. e Lynchbu 
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A WICHITA Low-Inertia AJR-TUBE Clutch is 


RING renim 


CENTRIFUGAL 
, FORCE 
OESN'T AFFECT CAPACITY 


PROVEN ON THOUSANDS OF JOBS 


Consult Your Nearest Wichita Engineer for Complete Detailed Information 


METER, 
6" DIAMETER TO 48 DIA 
SINGLE AND DOUBLE-PLATE TYPES 


— 


— 


INCREASED PRODUCTION 


POSIT 

VEL 

COOLER ОРЕ TED 
Pec ION 


CME Nr 


Or, 
NE 
^o Tia 


ОА 
"= ug 7 


The remarkable record being made by WICHITA 
Clutches proves their unchallenged superiority. 
Thousands are in use and, because of their durability, 
mechanical perfection and sound engineering prin- 
ciples, none has ever had to be replaced or removed! 


All of the best features of the disc-type clutch have 
been combined with WICHITA's own features... . 
the advantages of direct air engagement plus the 
simplest and most trouble-proof application of air 
pressure today ... direct axial pressure through com- 


pressed air in a rubber tube. 


WICHITA DISTRIBUTORS 


Brehm-Lahner, Inc., Detroit, Michigan 

L. H. Fremont, Cincinnati, Ohio 

W. G. Kerr Company, Pittsburgh, Pa 
Smith-Keser & Co. (Main Office), Avon, Con: 
Smith-Keser & Co., Philadelphia 44, Pa 
Smith-Keser & Co., New York, N. Y. 

Frank W. Yarline Co., Chicago, III. 

Power Rig & Equipment Co., Inc., Long Beach 


Robert R. King Co., Cleveland, Ohio 

John C. Burge, Oklahoma City, Oklahoma 

Dominion Power Press Equipment Ltd., Longacres P. 0 
Aldershot, Ontario, Canada 

Hunt Tool Co., Houston, Texas 

Industrial Air Controls Co., Ft. Worth, Texas 

Allied Transmission Equipment Co., Kansas City 8, Mo 


Sales Engineering Company, Inc., Salt Lake City 4, Utah 





SPROCKETS 
HAVE 
HARDENED TEETH 
to 7" in 
diameter 
* 


Series 11 
Series | 
* YOU CUT OPERATING COSTS! 
Because hardened teeth means better resistance to shock 
loads and abrasion, you get longer chain drive life “on- 
the-shaft.” 


* YOU SAVE MAINTENANCE COSTS! 


Sprocket replacement costs are reduced about 30%. Hubs 
or bushings can be used over and over, with installation 
and removal fast, clean and simple. 


* YOU SOLVE DELIVERY PROBLEMS! 
Grip-Master Sprockets are available “off the shelf" for 
quick delivery. Cuts space and storage costs for you. 


For complete details, write today for your 
Grip-Master Sprocket brochure. 


ситаи 


f 
f 2 
' 

© 


POWER TRANSMISSION 
3456 wt Ww ROLLER CHAINS AND SPROCKETS 


CULLMAN WHEEL CO . 1334-D Altgeld St * Chicago 14, lliinois 


"s 
ГА 
THIS FELLOW IS TRAINED IN YOUR BUSINESS, Hie 
main duty is to travel the country — and world 


— penetrating the plants, laboratories and man- 
agement councils . . . reporting back to you 


Solve Your Misalignment Problems With every significant innovation in technology, sell- 


ing tactics, management strategy. He functions 
DYKMAN Sphere-Gear FLEXIBLE COUPLINGS e your Conia, Ghanian, (Бери 
business communications system. 
(Barcus Patent 2303813) 


THE MAN WE MEAN IS A Composite of the edi- 
torial staff of this magazine. For, obviously, no 
one individual could ever accomplish such a 
vast business news job. It's the result of many 
qualified men of diversified and specialized 


1 Floating sleeve carrying internal gears 
which permanently engage the Sphere- 
Gear teeth of the hubs. 


Hubs with generated Sphere-Gear 


Oil seal of flexible synthetic material im 
pervious to oil. 

Clearance between hubs to allow for end 
play of shafts 

Gasket between flanges to insure oil 
tight seal 

Bolt holes counterbored, leaving no pro- 
jections. 


talents. 


AND, THERE'S ANOTHER SIDE TO THIS "COMPOSITR 
MAN," another complete news service which 
complements the editorial section of this maga- 
zine — the advertising pages. It's been said that 
in a business publication the editorial pages 
tell “how they do it" — "they" being all the 


industry's front line of innovators and improv- 
ers—and the advertising pages tell “with what.” 
Cushion washer Each issue unfolds an industrial exposition be 
fore you — giving a ready panorama of up-to- 
This coupling is DIFFERENT. Hub teeth are generated on a segment of a sphere. When date tools, materials, equipment. 
engaged with the annular teeth, it is possible to maintain uniform velocity even when the 
coupling is operating at 4° angular misalignment. 


AVAILABLE DESIGNS 


FLOATING SHAFT e HANGING LOAD e MARINE e AIRCRAFT e SHEAR PIN e 
FLANGELESS e SINGLE ENGAGEMENT e SPECIAL DRIVE ASSEMBLIES 


Oil hole with safety setscrew 


SUCH A “MAN” IS ON YOUR PAYROLL. Be sure to 
“listen” regularly and carefully to the practical 
business information he gathers. 


Write for brochure describing these problem-solving couplings 


DYKMAN MANUFACTURING CORP. 


320 Broadway, New York 7, N. Y. 


MCGRAW-HILL PUBLICATIONS 
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...CUf costs; improve product quality! 


HERE is no finer recommendation for the quality of the product 

you make than to be able to say it is “EQUIPPED WITH 
FAIRFIELD GEARS!” For thirty-five years, Fairfield has been one 
of America’s largest independent producers of accurate, automotive 
type gears for leading builders of industrial, construction, agricultural 
marine, and automotive equipment. 


Fairfield's facilities are unexcelled. Here ‘“‘under one roof’ at Fairfield 
in a new, ultra-modern plant is everything needed for producing fine 
gears — metallurgical department, batteries of the most modern 
machines, testing laboratories, complete heat-treating facilities — 
all operated by skilled craftsmen working under expert engineering 
supervision. 

If you use GEARS in the product you build, we believe it will pay you 
as it has others to check with Fairfield on all of your requirements 
Fairfield offers (1) Mass Production Economy, (2) Unexcelled Quality, 
3) Dependable Service, (4) Expert Engineering Recommendations 
YOUR INQUIRY WILL RECEIVE PROMPT ATTENTION 


(NE 11181 1D) 


» i MANUFACTURING CO. 


2345 South Concord Rood © Lafayette, Indiana 


S fine Gears Made to Order 
SPUR GEARS—Straight, helical, andinternal. HYPOID—Sizes from 1'2” to 28" dia 
Sizes from 16 pitch, 1⁄4” dia., to 1⁄4 pitch, ZEROL—Sizes from 16 pitch, 112” dia., to 
36” dia. 1% pitch, 21” dia 
ASK FOR HERRINGBONE — (Feilows Type). Sizes from WORMS & WORM GEARS — Worms to 7” 
INTERESTING 1%" to 15” | | dia. Worm gears to 36” dia 
ILLUSTRATED SPIRAL BEVEL — Sizes from 16 pitch, 14" SPLINED SHAFTS—Lengths to 52”. Diameters 


dia., to 1% pitch, 28” dia from 1” to 6”. 


STRAIGHT BEVEL—Sizes from 16 pitch, 12° DIFFERENTIALS — 10,000 to 300,000 inch 
dia., to 1% pitch, 28” dia. pounds capacity 


BULLETIN 


Note: All of the sizes above are approximate 
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INFINITELY VARIABLE 


Infinitely 
Variable 


MODEL 24 Zero-Max 

First of a new, larger 
series for use with frac 
tionol h.p. motors thru 


Gear Reducer 


2, 3, 4 ond 5 to ! re 
ductions through built 
on georheads provide 
stepless speeds from 
zero to maximum. 26 
Models from 20 to 100 
in, Ibs. torque 


INSTANT REVERSE 
with full speed in both 
directions is available 
in practically all Zero 
Max Models 


M s 


SPECIAL TYPES such as input and output 


shaft on some side and many others ore 


CAPACITIES from 10 
inch pounds to 100 inch 
pounds ore 


ovailable available 


in a wide variety of 


Application assistance on your transmission 


problems. No obligation. Send details TODAY 


444144, 1900 LYNDALE AVE. SO. 


БЫДЫ СД MINNEAPOLIS 5, MINN. 


models 


POSITIVE DRIVE DURING 
NORMAL OPERATION? 


POSITIVE LOCK IN ANGULAR 
POSITION AT POWER CUT-OFF? 


You Get Both with the: 


morton Smith-Nobak Device 


POWER 
SOURCE 


DRIVEN 
LOAD 


DRIVING 


MEMBER LOCK RING MEMBER 


Ihe Smith-Nobak Device permits both 
shafts to rotate simultaneously. When 
power stops, the device prevents further 
rotation of the mechanism either from 
the initial inertia force or from an ex- 
ternal force applied from anywhere except 
the original source. The driven shaft is 
locked in position to prevent its rotation 
in either direction. Application of power 
unlocks the device instantly. 

The device is finding numerous uses in 


4-раве Smith-Nobak bulletin and technical data available on request 
ball, reller and thrust bearings to meet customer requirements 


request. 


automation, aircraft control mechanisms 
hoists, transfer tables, conveyors, punch 
presses, printing presses, and wherever a 
positive control of angular position is 
required. It is especially adaptable for 
steering mechanisms of industrial trucks 
tractors, and boats; for feeds into presses 
and for boom hoists of derricks. Load rat 
ings from 50# in. to 2600# in. are avail 
able. Specific recommendation will be sent 
you on receipt of your requirement 


We also manufacture special 
hrust bearing catalog available on 


MORTON BEARING COMPANY 


817 Wildt Street 
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Ann Arbor, Michigan 


GEARS 


Made to Your 
Specifications 


You and we can form a 
team—you to draw up 
the specifications; we to 
make the gears — that 
will be profitable to 
both of us. Gears of all 
types, all sizes, all 
materials. Design-engi- 
neering service available. 


Custom Gears 
Exclusively 


DIEFENDORF GEAR 
CORPORATION 


Syracuse 1, N. Y 


LOOKS AND FEELS 
LIKE LEATHER 


Files for your copies of 


PRODUCT ENGINEERING 


Two files hold copies from a full year’s 


subscription. Rich maroon Kivar cover. 
Gold lettering. 


| Only $2.50 each, 3 for $7.00, 6 for 


$13.00, postpaid. For orders outside 


| U.S.A. add $1.00. Satisfaction guaranteed 
| or money back! 


Send check or money order, or request 


| that we bill you: 


| Jesse Jones Box Corp., Dept. P.E. 
| P.0. Box 5120 


Philadelphia 41, Pa. 
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THE HILLIARD LINE OF Clutches and Couplings 


e SINGLE REVOLUTION œ 


USE: Rivet machines, snap fastener machines, shears, staplers, 
bottling machinery, cut-off mechanisms, indexing and feeding 
equipment, packaging processes or wherever controlled inter- 
mittent motion is necessary from a continuously rotating source 
of power. 


SPECIFICATIONS 


Made in 2 types and 11 standard sizes plus special designs to suit 
particular applications. 

Smallest standard size—1-13/16" diameter x 1-13/16" shaft length 
3/8" bore, 1/20 H.P. @ 100 r.p.m., 2.6 foot pounds torque norma! 
rating. Speed up to 275 r.p.m. under certain conditions. 

Largest standard size 17.1/2" diameter x 17.5/8" shaft length 
bore up to 4-15/16", 176 H.P. @ 100 r.p.m., 9240 foot pounds 
torque normal rating. Approximate maximum speed 65 r.p.m. 
Write for Bulletin 239 if you need further information. 


* SLIP* 


USE: to protect speed reducers or gear trains against destruc- 
tive overload, to reduce shock in door opening and closing 
mechaniems, as a safety feature where a machine is subject to 
jamming or to limit the torque in any drive. 


Also to provide constant tension with varying speed as in a 
reeling or winding application. 


SPECIFICATIONS 


Made in 15 types and 11 sizes. The torque transmission of all slip 
units is adjustable and some models can be adjusted while in 
operation. 

Smallest clutch (light series)—2-3/8" diameter x 1.3/4" shaft length 
1/2" or 5/8" bore, 9 foot pounds torque maximum capacity. 
Smallest clutch (regular series)}—5-3/4" diameter x 4-3/4" shaft 
length, 3/4", 1", or 1-1/4” bore, 38 foot pounds torque capacity. 
Largest clutch—27" diameter x 31.3/8" shaft length, bore up to 
8", 24600 foot pounds torque capacity. 

For a complete description. request a copy of Bulletin 300. 


* OVER-RUNNING * 


USE: Dual drive, two speed drive or standby drive on boiler 
stokers, blowers, induced or forced draít fans, dry cleaning 
machines, ventilating fans and similar equipment. 

Also for ratchet feed on presses or automatic back-stop on con- 
veyors or to permit free rotation when the driver slows or stops. 


SPECIFICATIONS 


Made in 7 types and 15 standard sizes plus speciai designs for 
specific installations. 

Smallest standard size—1-13/16" diameter x 1-25/64" shait length. 
3/8” bore, 1/20 H.P. @ 100 r.p.m., 31.5 inch pounds torque normal 
rating. 

Largest standard size—25" diameter x 16-7/8" shaft length, 
7.15/16" maximum bore, 394 H.P. @ 100 r.p.m., 20694 foot pounds 
torque normal rating. 


Ask for Bulletin 231 if you want additional comprehensive data. 


* CENTRIFUGAL* 


AUTOMATIC CENTRIFUGAL 
CLUTCH COUPLING 


Improves starting conditions and provides smooth acceleration 
on drives for high inertia equipment such as ball mills, hammer: 
mills, mixers, pulverizers, tube mills, etc.; prevents excessive 
torque transmission during starting of textile machinery. wire draw 
ing machinery, conveyors, etc.; prevents torsional resonance on 
internal combustion engine drives, particularly to compressors. 
generators, etc.; provides automatic coupling on emergency and 
dual drive systems; provides overlead protection and has 
exceptional ability to compensate for all types of misalignment 
Operating mechanism requires no lubrication. 


Made in a large number of sizes and several different types to 
cover an extensive range of requirements. 
Write for Bulletin CE-3 for additional information. 


* 


HILLIARD CLUTCHES AND COUPLINGS ARE 
EXCELLENT FOR ALL CLASSES OF INDUSTRIAL MACHINERY 


ALL PRODUCTS OF THE HILLIARD CORPORATION ELMIRA, NEW YORK 
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Particular Load to 


Give Maximum Performance on Your Job | 


NON-LUBRICATED 
EASILY-ASSEMBLED 
FLEXIBLE COUPLINGS 


Su" to 9A" 
UV to 217 
а" 1500 lb 
on. to 
1/20 te 3000 


А bs 
еа). Қ ro 5 00 f y 


MAINTENANCE-FREE INSTANTLY- 
ADJUSTABLE VARIABLE SPEED PULLEYS 


ECONOMICALLY-PRICED INFINITELY- 
VARIABLE SELECT- O - SPEED 
TRANSMISSIONS 


heel 
Ato с 


Ratio 
Speed 
НР (1750 rp 


Get Lovejoy performance for your equipment. 
Request full information now. 


LOVEJOY FLEXIBLE COUPLING CO. 


4964 WEST LAKE STREET * CHICAGO 44, ILLINOIS 











T here 


a 


girl 


. . Whose one job is to 
expedite delivery of your 
requests for “New Catalogs 
and Bulletins” to the manu- 
facturers concerned. 

The job keeps her busy, 
too. She handles several 
thousand requests from 
ProductEngineering 
readers every month. And 
she's anxious to be of serv- 
ice to you whenever she 
can. 

So check the **New Cata- 
logs and Bulletins" insert 
if you haven't already done 
so. You'll find a lot of use- 
ful information listed there 

. and any of it is availa- 
ble to you promptly and 


without cost. 


Product 
Engineering 
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a star performer 


where top performance is needed 


National Torque Converters are designed to help your 
equipment provide top performance where top perform- 
ance is required . . . in strip mining, mechanized mining, 
drilling, earth moving, road building, load lifting and 
transportation, logging operations, and similar indus- 
trial applications . . . wherever Diesel or gas engines or 
electric motors are used. 

The torque converter transmits engine power to the 
job in a steady, smooth flow. All the shock of quick 
starting and fast acceleration of the load is absorbed 
hydraulically by the torque converter. This enables the 
engine to attain its optimum speed quickly . . . without 
lugging or stalling . . . and to deliver its full horsepower 
constantly. 

The result: Your equipment will do more work or 


jobs per unit per operator per day . . . job cycles will 
be completed faster . . . engine life will be extended 
with less maintenance. 

You have a choice of 6 basic hydraulic circuit sizes, 
each with a range of input ratings, to permit exact 
matching of torque converter to engines or motors of 
100 to 1000 horsepower in practically every heavy-duty 
industrial application . . . on all power equipment 
power shovels and drag lines, shovel loaders, cranes, 
drilling rigs, graders, logging equipment, and the like. 

Our engineers will gladly discuss the application of 
National Torque Converters to your power equipment 
and make recommendations of exact size and torque 
capacity. Why not call on us? 

Ask for a copy of our Bulletin No. 468. 


THE NATIONAL SUPPLY COMPANY 


INDUSTRIAL PRODUCTS DIVISION 
Two Gateway Center, Pittsburgh 22, Pa. 


Pace-setters in the progress of 


industrial power transmission 





Avoid Costly Shut-Downs with 


THOMAS FLEXIBLE COUPLINGS 


Installation of three 351- 
DBZ-B Thomas Couplings 
in Columbia Breweries, 
Tacoma, Wash. between 
motors and Vilter refrig- 
eration compressors. 


Patented Flexible Disc Rings of special steel transmit the power and pro- 
vide for parallel and angular misalignment as well as free end float. 


™ New small coupling for any appli- 

cation involving drives for timing 

machinery and electronically con- 

trolled automatic machines. Has 

low weight, non-magnetic construc- 

tion and minimum backlash. 
Available in shaft sizes from 
1/8” dia. and up for speeds 
up to 50,000 RPM. 


THE THOMAS PRINCIPLE GUARANTEES 
PERFECT BALANCE UNDER ALL 
CONDITIONS OF MISALIGNMENT 


Thomas All Metal Flexible Couplings have been on the market 
for thirty-five years and there are in operation even now couplings 
that have been operating for over thirty years without any cost 
for maintenance or repair. Specify Thomas Couplings to avoid 
costly shut-downs. 


DISTINCTIVE ADVANTAGES 
FACTS EXPLANATION 


Requires No Attention. 


NO MAINTENANCE Visual Inspection 
While Operating 


No Wearing Parts. - 
| ко штатон | LUBRICATION fF Nu 
1 "n Thomas Couplings are made for a wide 
NO BACKLASH No Loose Parts range of speeds, horsepower and shaft 
J Al! Parts Solidly Bolted sizes and can be assembled or 
(AN NOT Free End Float under Load and disassembled without disturbing the 


es " Misal t. No R connected machines, except in 
rae оте ана rare instances. 
ipu: ú 
PERMANENT Drives Like a Solid Coupling. 1 / f A T 
TORSIONAL Elastic Constant Does Not Change Á — IU 
CHARACTERISTICS Original Balance is Maintained. 


Ao 


Write for our new Engineering Catalog No. SIA 


THOMAS FLEXIBLE COUPLING COMPANY 


Largest Exclusive Coupling Manufacturer in the World 
WARREN, PENNSYLVANIA, U.S.A. 


How to keep 
informed on 
the 

part of 


your business 


AT YOUR FINGER TIPS, issue after is- 
sue, is one of your richest veins of 
job information—advertising. You 
might call it the “with what” type 
~—which dovetails the “how” of the 
editorial pages. Easy to read, talk- 
ing your language, geared speci- 
fically to the betterment of your 
business, this is the kind of prac- 
tical data which may well help 
you do a job quicker, better—save 
your company money. 


Each advertiser is obviously do- 
ing his level best to give you 
helpful information. By showing, 
through the advertising pages, 
how his product or service can 
benefit you and your company, he 
is taking his most efficient way 
toward a sale. 


Add up all the advertisers and 
you've got a gold mine of current, 
on-the-job information. Yours for 
the reading are a wealth of data 
and facts on the very latest in 
products, services, tools . . . prod- 
uct developments, materials, proc- 
esses, methods. 


You, too, have a big stake in the 
advertising pages. Read them reg- 
ularly, carefully to keep job-in- 
formed on the “with what” part 
of your business. 


McGRAW-HILL 
PUBLICATIONS 
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where 
Worm Reducer 
Efficiency , 
Begins y 


Because the service life 

and efficient operation of 
any Worm Gear Reducer 
depends upon the precise 
meshing of the worm and gear, 
we make every possible effort to 


assure that they are properly cen- 
tered when the unit is assembled, 
and that the alignment will be 
permanent... Worms are of finest 
quality alloy steel with case 
hardened threads—shaft and 
threads being smoothly ground 
and polished after hardening. 
Worm gears for smaller size units 
are of solid chill cast nickel- bronze 
to meet AGMA specifications; 
while for larger size units the gear 
is made in two parts—the rim of 
chill cast nickel-bronze, bolted 
with fitted bolts and locknuts onto 
a semi-steel center. 

The engineering skill and 
knowledge put into these features 
alone are indicative of their entire 

LO м construction. 
AT E. Scientific design, unexcelled 
а > workmanship, finest materials, 
rugged construction, noiseless and 
vibrationless operation, long-life 
PHILADELPHIA WORM GEAR REDUCERS ала MI, efficiency -are the 
A complete range of unit types and sizes to cover applications from he ne 
V4 to 265 H.P. Ratios from 3% to 1, to 6300 to 1. Our latest Catalog, end results’’ that have earned an 
W G-156, gives complete details... When requesting Catalog, please enviable reputation for Philadel- 
use your business letterhead phia Worm Reducers. 
t 


* s н 
————————————D 
phillie gear PHILADELPHIA GEAR WORKS, /NC. 


ERIE AVE. & G STREET. PHILADELPHIA 34, PENNA 
Offices in all Principal Cities 


INDUSTRIAL GEARS & SPEED REDUCERS + LIMITORQUE VALVE CONTROLS + FLUID MIXERS + FLEXIBLE COUPLINGS 


Virginia Gear & Machine Corp. « Lynchburg, Va. 
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Be Sure 


with a 
Matched-to-the-Machine 


STEARNS MAGNETIC CLUTCH 


On many machines, a standard magnetic clutch does the job. 


On others, however, a special custom-made unit is needed for 


the most profitable results. 


In either case, you're right with 
Stearns — because this pio- 


neer in magnetic equip- 
ment builds both. because 


they went 
Here are important ~ 


reasons why Stearns to their doctors 
magnetic clutches in time 


provide positive de- 

Many thousands of Americans are 

pendable control on TE 
being cured of cancer every year. 

such a wide variety of More and more people are going 

applications. to their doctors in time. That is 


encouraging! 


| jut the tragic fact, our doctors tell 
€ Torque range from .4 to 30,000 € Quiet and cool running. No us. is that every third cancer death 
Ib. ft. metal-to-metal contact, no spark- is a needless death... twice as many 
€ Low inertia — fast, smooth en- ing. 
gage and disengage. Split shaft, € Automatic or manual control. 
through shaft, two speed drives, өм | k hift To learn how to head off cancer, 
forward and reversing drives — o toggles, yokes, shifters. 


other special applications. € Simple adjustment. 


could be saved. 


call the American Cancer Society 
office nearest you or simply write to 
Let Stearns' design and engineering experience work for you. Consult Cancer" in care of your local 


your Sweet's Product Design File or write for bulletin 226-D. Post Office. 
1083 


formerly 
STEARNS 
MAGNETIC 
ELECTRIC CORPORATION INC. American Cancer Society 


631 5. 28th 5i, Milwaukee 46, Wis. 
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Where Flexibility 
is Essential 


RIGHT ANGLE ADAPTER 


* * 
To provide a connection for flexible Flexible Shaftin Offers You 
shaft control where space limita 
tions do not permit a conjunction 


without bending the shaft into too 
small a radius. 


Direct alignment in either remote 


— control or power transmission. 

This adapter provides three outlets, 

which enables the running of three L ki r d d - e 
units from the same power source. ess wor ing units needed in ex- 
Ball bearing construction enables 
this adapter to handle heavy loads. 


ible shafting direct grouping. 


———— Sturdier construction but lighter 
ANGLE ADAPTER f weight. 


To provide a connection for flexible 
shaft control where a bend sharp 
enough to damage the shaft is re- 
quired. Ball bearing construction 
enables the handling of heavier 
loads. 


"— 2 EW. STEWART CORP 


To drive more than one unit from 


the same power source and to 4311-13 RAVENSWOOD AVENUE - CHICAGO 13, ILLINOIS 


provide two gear ratios from the WEST COAST PLANT: 1638 So. FLOWER STREET : LOS ANGELES 15, CALIFORNIA 
same power source. 


Write on your letterhead for our latest Flexible Shaft Manual 
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new way to get better gears 


at lower cost... 


Now you can design for AGMA com- 
mercial class 4 and precision class 1 
spur gears at substantially lower cost. 
Supermet powder metal process uses 
only pure electrolytic iron powder to 
produce gears with physical properties 
equalling most production steels. Iron 
powder is pressed to higher densities 
than normal for powder metallurgy— 
compact is carburized with precise 
control of time, temperature, and car- 
bon potential of atmosphere. 

Superb surface finish on gear teeth 
and uniform accuracy throughout mil- 
lions of gears make gear units quieter, 
more efficient. Take advantage of the 
economy of powder metallurgy with- 
out sacrifice of physical properties and 
dimensional accuracy. 


AMERICAN STANDARD TOLERANCES FOR FINE PITCH GEARS 


commercial 4 


precision 1 


tooth-to-tooth 


composite composite 
error, in. 


Supermet has moved into precision 
class gears, with production currently 
of over 300,000 of a precision class 1 
spur gear. Possibly Supermet can help 
improve your product at a consider- 
able savings over conventional meth- 
ods of gear fabrication. 

Supermet also makes high density 
structural parts—up to 7.65 gm/cc 
without the addition of copper or other 
metal (this is 97.546 solid: density of 
theoretical solid—7.87 gm/cc). Send 
today for SUPERMET DESIGN INFOR- 
MATION data. 


SUPERMET 


Supermet Division, Globe Industries, Inc., 1464 Cincinnati St., Dayton 8, Ohio 
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B иби 3 
VARI ABLES 
SPEED * 


m £ractional P 


Fro 


20 Horsepower 


For old or new 


ROTO-DRIVE 3 


Speed variation up to 8 to 1. 
Mounts in any position. 

No adjustable motor base. 

Operates on fixed centers. 

LOW COST—Saves 40% compared with 
conventional motordrives. 


Offers up to 4 to 

1 speed varia- 

tion. 

V to V drive. 

Exclusive design permits V-belt to 
travel on fixed center line. 

Easily installed. HP ranges fractional 
through 20, 


VAR‘A’CONE 


For frac- 
tional HP re- 
quirements. 


bis; Uses ‘‘A’’- 
section 
NE V-belt. 


Up to 2% to 1 speed ratios. 

List price low as $5.40. 3 sizes. 

An efficient and low cost method of 
adding variable speed. 


Complete selection standard variable 
speed belts, standard and countershaft 
adjustable motor bases, companion 
sheaves, and flexible couplings. 


Write for 30-page Catalog 


jetting TET 


Dept. PE-12 Northbrook, 111. 


A Suburb of Chicago) 
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De Laval IMO rotary pumps can be 
furnished for almost any fluid han 
dling problem in capacities to 750 
gpm and pressures to 2,000 psig. 


What to Look for in a Rotary Screw Type Pump 


By W. J. Moncon, Assistant Chief Engineer 


De Laval Steam Turbine Company 


A sound knowledge of design, and how it affects perform- 
ance, is the best insurance a buyer can have that he will 
get the pump he needs. This brief analysis of the IMO, a 
rotary three-screw pump manufactured by the De Laval 
Steam Turbine Company, will give you some of the 
necessary facts. 

What qualities should you look for in a rotary type pump? 
It must, of course, meet specified capacities and pressures. 
But, it must also be efficient, operate quietly, stay on the job. 

The axial flow of a screw type pump, and the resulting 
low inlet losses for any given pump speed, are important 


Lo ool 


This is a cross-section of the De Laval IMO Series 
A322A, a positive displacement rotary screw type pump. 
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benefits that should be considered in making pump selec- 
tions, The absence of timing gears and other mechanical 
features of construction also enable the De Laval IMO 
pump to operate at direct-connected motor and turbine 
speeds . . . to handle viscous liquids and high suction lifts. 

One of the most important features of the IMO pump is 
the hydraulic turning of the idler or sealing rotors. The 
central or power rotor is the pumping element; the liquid 
pumped turns the sealing rotors. 

А screw type pump is well suited for applications where 
pulsation-free flow is desirable. The axial flow of the liquid 
without trapping and the unique thread form which keeps 
closures fluid-tight contribute to 
quiet operation of the IMO pump. 


Catalog LS gives useful application 
and specification data on the IMO 
pump. An article titled, Rotary 
Pumps, Basic Considerations in 
Their Application, contains a 
description of rotary pumps in 
general. For these publications, 
write on your company letterhead 
to De Laval Steam Turbine 
Company, 801, Nottingham Way, 


Trenton 2, New Jersey. — ovso: 





When you need a clutch... 


check into the 


many advantages of 
سن‎ SPRING CLUTCHES 
OVER-RUNNING or FREE-WHEELING CLUTCHES e INDEXING CLUTCHES 


BI-DIRECTIONAL NO-BACK BRAKES e REVERSING CLUTCHES 
SINGLE REVOLUTION CLUTCHES «+ DELAYED ACTION CLUTCHES 


LOW COST * COMPACT * TROUBLE-FREctc:t 


Marquette Spring Clutches have given dependable service for many 
years in a wide range of applications — from Aircraft to X-ray. They 
require very little space. They maintain their efficiency almost indefi- 
nitely. And they cost much less than other types of clutches. 


Send today for your copy of illustrated manual that gives helpful data 
on Marquette Spring Clutches! 


MARQUETTE METAL PRODUCTS DIVISION 


CURTISS-WRIGHT 


CORPORATION * CLEVELAND IO, OHIO 


MARQUETTE METAL PRODUCTS DIVISION 
1143 Galewood Drive, Cleveland 10, Ohio 


Please send manual describing the functions, applications 
and operations of the basic types of Spring Clutches. 


COMPANY 
NAME 





ADDRESS. 


E86 








FOR FAST HELP 


on 


DESIGN PROBLEMS 
.. consult the 


PRODUCT INDEX 


of this 
DESIGN DIGEST 


(Begins on Page 12) 


Every product adver- 
tised in this issue is in- 
dexed there for ready 
reference. 


Among them may be 
exactly what you need 
right now. 


The advertisements for 
all these products will 
give you many useful 
ideas ... and more infor- 
mation is quickly avail- 
able from each adver- 
tiser. 


To get any additional 
facts you want, use the 
handy post cards in front 
of this issue, or the cou- 
pons you'll find at the 
end of each DESIGN 
DIGEST ISSUE Section. 
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Catalogs and Bulletins continued 


(Q-45) GEARS—Brochure, 44 pp, il- 
lustrates the principal types of gears 
and miscellaneous combinations. Sub- 
jects covered include: cause ef early 
tooth failure; simple physics of gear 
movement; shock loads, use of smaller 
gears for given loads; comparative 
action of gears having same pitch di- 
ameter; load errors costly to gear life; 
how incorrect teeth multiply gear 


loads; remedy for gear errors; methods | 


of recording and charting gear accu- 
racies; hobbing; gear shaving; micro- 
scopic observation of case depth; hard 
ness testing; magnetic detection of gear 
defects; copper plating of gears to pre- 
vent carburizing leaks; broaching; heat 
treating techniques for high and low 
carbon steels; certification of gear accu- 
racies. Sier-Bath Gear & Pump Co., 
Inc., 9252 Hudson Blvd., N. Bergen, 
N. J. 


(9-46) PUMPS — Bulletin, 6 pp 
Pump types described include those 
having a casing with removable suc- 
tion cover and those having a casing 
with suction and discharge nozzles in 
one piece. Allis-Chalmers Mfg. Co., 
1002 S. 70 St., Milwaukee, Wis 


(Q-47) CONTROLLED VOLUME 
PuMPS—Bulletin H20-1, 4 pp, in- 
cludes data on simplex and duplex 
models, capacities, pressures, materials 
of construction and mounting dimen- 
sions. Milton Roy Co., Station H, 1300 
Mermaid Lane, Philadelphia 18, Pa 


(Q-48) HYDRAULIC CYLINDERS — 
Bulletin, 8 pp, describes cylinders for 
lift, tilt, lower, eject, reciprocate, swing, 
turn, clamp, hold and squeeze action 
Benton Harbor Engineering Works, 
Inc., Benton Harbor, Mich. 


(Q-49) VARIABLE PITCH SHEAVES— 
Bulletin 20B6082C, 4 pp, includes a 
table of general dimensions of ball- 
bearing motor bases. Allis-Chalmers 
Mfg. Co., 1002 S. 70 St., Milwaukee, 
Wis 


(Q-50) HvpRAULIC PUMPS— Bulletin 
НЗАІ, 11 pp, describes pumps of 115 
to 30 gpm ratings of following types 
positive displacement, gear type, fluid 








STANDARD 


. . « for industrial and agri- 
cultural machinery, automo- 
tive trucks, tractors, re- 
fuelers, industrial shovels, 
cranes, shop and lift trucks, 
concrete mixers, road ma- 
chinery, diamond drills, ma- 
chine tools, feed boxes, gear 
heads . . . send for catalog 
and complete information 
. . . for SPECIAL TRANS- 
MISSIONS . . . consult our 
experienced engineering de- 
partment for preliminary de- 
signs—no obligation. 


Model 9400 (360 H.P. at 1800 

RPM input) 

TORQUE RATING: 12,600 pound 
inches INPUT 96,700 pound 
inches OUTPUT 

RATIOS: 1:1 (with neutral) and 
Maximum Reduction of 7.67:1 

SPEED CHANGES: Overdrive or Re 
duction (Input and Output shafts 
from same or opposite sides) 


Model 9300 (30-60 H.P.) 


CAPACITY: 


30 H.P. at 900 RPM input 
60 H.P. at 1800 RPM input 
TORQUE RATING: 


2100 pound inches INPUT 


12,600 pound inches OUT 
PUT 

Eight speed changes in Geo- 

metric Progression of 1.29 

(total reduction of 6:1) 


TRANSMISSIONS 


9000-B (1-10 HP) 

CAPACITY: 5 H.P. at 900 RPM 
input 10 H.P. at 1800 RPM 
input 

TORQUE RATING: 
inches INPUT 
inches OUTPUT 

GEAR RATIOS: 1:1-2:1-3.14:1-4:1 
special ratios at extra cost) 


350 pound 
1400 pound 


8100-B (10-20 H.P.) 

CAPACITY: 10 H.P. at 900 RPM 
input 20 H.P. at 1800 RPM 
input 

TORQUE RATING: 700 pound 
inches INPUT 2800 pound inches 
OUTPUT 

GEAR RATIOS: 1:1-2:1-3:1-4:1 
special ratios at extra cost 


420 (20-40 HP) 

CAPACITY: 20 H.P. at 900 RPM 
input 40 H.P. at 1800 RPM 
input 

TORQUE RATING: 1400 pound 
inches INPUT 7500 pound inches 
OUTPUT 

14800—Four speed changes, up to 
the limit of the case, 10:1. 

14900—Four speed changes in geo 
metric progression of 1.7] (total 
reduction of 5.03) 


motors. Webster Electric, Racine, Wis Special ratios at extra cost. 


WESTERN TRANSMISSIONS 


WESTERN MANUFACTURING COMPAN Y 
3400 S«cotten Ave. DETROIT 10, Michican 


(Q-51) AIR-ACTUATED CLUTCH — 
Bulletin 304, 4 pp, describes line of 
friction clutches. Twin Disc Clutch 
Co., Racine, Wis 
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STOW flexible shafting powers this Avery 
Rake, built by the B. F. Avery Division of 
Minneapolis Moline Company, Louisville, Ky 


STOW flexible shafting drives the feed con- 
veyor on this G.L.F. bulk feed delivery unit 
operated by Broome G.L.F. Elevator 


STOW flexible power drive shaft drives this 
new roof-type mining drill developed by 
Crichton Company, Johnstown, Pa. The 
flexible shaft makes possible quick adjust- 
ment for drilling at varying roof heights 


Stow Flexible Shafting has many 
types of applications... in 
industry in agriculture 
wherever mechanical power 
transmission or remote control 
is needed 

80 years of experience, research 
and development have increased 
the utility of Stow Flexible Shaft- 
ing in these fields, so that more 
original equipment manufac- 
turers specify Stow Shafts on 
newly designed, power-driven 
machinery 

Design engineers find that the 
efficiency of flexible shafting 
ranges from 80% to 95% that 
Stow Flexible Shafts do the job 
better, more economically, with 
fewer maintenance problems 
Much time, effort and expense 
can be saved if flexible shafting 
is considered in the early stages 
of design. Perhaps you can 
solve a power transmission prob- 
lem you're working on right 
now, with Stow Flexible Shaft- 
ing. Our engineers are always 
at your service. 


WRITE TODAY, 
FOR FREE 
BULLETIN 

525 


MANUFACTURING CO. 


313 Shear St., Binghamton, N.Y. 





McGRAW-HILL 


TECHNICAL WRITING 
SERVICE 


Writing 

Whether you need an instruction 
book or service manual to accompany 
your equipment written to govern- 
ment specifications . . . or product 
catalogs . . . or training booklets . . . 
or industrial literature . . . our writ- 
ing staff can do the job for you. It 
will do the research, planning, writ- 
ing, and organizing to satisfy your 
requirements. 


Illustrating 


For government publications or in- 
dustrial literature, our Art Depart- 
ment can meet your specifications, or 
those of the government agency, for 
isometrics, exploded views, cutaway 
views, retouched halftone copy, ren- 
dering, lettering, or any other type 
of art work. It can design to stand- 
ardized format or present industrial 
visuals of compelling appeal. 


Editing 

The editors of our staff are thor- 
oughly familiar with government pub- 
lication specifications. In addition to 
being technical editors, they are also 
experienced in rewriting and organ- 
izing rough manuscript, or in revising 
published material. Many have taught 
or have been trained in teaching and 
are, therefore, able to recommend or 
inject proper pedagogical presenta- 
tion of material. 


Printing 


Our printing, binding, and paper re- 
sources are among the best in the 
country. Every type of reproduction 
is available . . . offset, letterpress, 
multigraph, or even mimeograph. We 
can handle a complete printing job 
or, in the case of offset, furnish repro 
copy when other facilities must be 
used. 


Save money and time . . . let our staff 
be your staff for technical publications. 
Write for our brochure or ask our rep- 
resentative to call. 


Technical Writing Service 


McGRAW-HILL BOOK CO., INC. 


330 West 42 Street 
New York 36, N. Y. 
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USE TIME-SAVING 
COUPONS BELOW 


. . . fo request further information on 
all products advertised in this Digest Section 


. . . fo request your copies of product catalogs 
and bulletins listed and described in this section 


( you will find similar coupons at the end of each Digest Section ) 


Consult the Product Index begin- 
ning on page 12, when you want 
all available information on a 
particular type of product; this 
Product Index is your guide to all 
advertisements in this Design Di- 
gest Issue by manufacturers of 
this type of product. 


If you have specific questions to ask about any 
product advertised, a letter direct to the manu- 
facturer, at the address given in his advertise- 
ment, will be welcome. For clarity and prompt 
service, include reference to PRODUCT ENGI- 
NEERING's Product Design Digest Issue, and 
page number of the advertisement prompting 
your letter. 


Circle these numbers for further information about Circle these numbers for further information about 


advertisers appearing in this section 


E26  E27-8 E29 E30 E31 E32 E33 
E38 E39  E40-1 E42-3 E44-5 E46 
EL50 ERSO E51  ES2 E53 E54 
E58 E59 E60 E61 E62 E63 


E67 E68 E69  ETL7O ETR70 EBL70 E71 


E47 


advertisers appearing in this section 


E26  E27-8 E29 E30 E31 E32 E33 E34-5 
E48 E38 E39  E40-1 E42-3 E44-5 E46 E47 E48 
E56 ELSO ERSO E51  ES2 E53 E54 E55 Е56 
Е65 E58 E59 E60 E61 E62 E63 E64 E65 
EL72 E67 E68 E69 ETL70 ETR70 EBL70 E71 EL72 


E73 ETL74EBL74 E75 ETL76 ETR76 EBL76 E77 E73 ETL74EBL74 E75 ETL76 ETR76 EBL76 E77 


E79 E80 E81 E82 E83 EL84 


ER84 E85 E79 E80 E81 E82 E83 EL84 ER84 E85 


Circle these numbers for your copy of bulletins Circle these numbers for your copy of bulletins 


listed in this section 


a1 Q2 Q3 Q4 Q5 Q6 Q7 
Q10 Q14 
Q19 Q20 Q24 


Q37 Q38 


COMPANY 
BUSINESS ADDRESS 


CITY, STATE 


listed in this section 


Q9 qi Q2 Q3 a4 Q5 Q6 Q7 Q8 
Q14 Q17 
Q19 
Q28 
Q37 


COMPANY 
BUSINESS ADDRESS 


CITY, STATE 





NEW BOOKS 
Mechanical Parts & Design Analysis 


Machine Design by Paul H. Black, 
Prof. of Mech. Engrg., Ohio Uni- 
versity. 6 x 9 in., 471 pp. Published 
by McGraw-Hill Book Co., Inc., 
330 W. 42 St., New York 36, N. Y. 
$7.50. 


The emphasis in this thoroughly re- 
vised second edition is on practical de- 
sign applications rather than academic 
analysis problems. It acknowledges that 
the trend today is to design smaller 
and smaller machines to do bigger and 
bigger jobs. On this premise it includes 
many worked-out problems based on 
actual modern installations. 

Each topic is approached from the 
elementary viewpoint and then carried 
to a degree not normally found in 
texts on machine design. For example, 
Chapters 3 to 8 analyze the design of 
parts for strength and rigidity. The 
analysis, however, includes the effect 
of holes and notches on the stress dis- 
tribution of members, with examples 
of reduction in stress concentration by 
proper redesign. Supporting the theory 
are tables and graphs such as the influ 
ence of notch radius on notch sensi- 
tivity. 

In addition to standard topics such 
as springs, fasteners, power transmis- 
sions, lubrication, surface finish and 
wear, are discussions on motor selection 
and vibration control. The chapter on 
motors includes charts for selecting 
motors based on application require- 
ments. Numerous references are indi- 
cated throughout the text as footnotes 
to indicate the scope and sources of 
further developments 


American Standard Preferred Lim- 
its and Fits for Cylindrical Parts. 
8% x 11 in., 21 pp, paper bound. 
Published by American Society of 
Mechanical Engineers, 29 W’. 39 St., 
New York 18, N. Y. $1.25. 


Standard presents definitions of 
terms applying to fits between plain 
(non-threaded) cylindrical parts and 
makes recommendations on preferred 
sizes, allowances, tolerances, and fits 
for use wherever they are applicable. 
The standard is in accordance with the 
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recommendations of British-Canadian- 
American conferences for diameters 
up to 20 in. 

Experimental work is being carried 
on and when results are available, 
agreement in the range above 20 in 
will be sought. It represents the com- 
bined thinking and experience of 
groups who have been interested in 
standards in this field, and it should 
have application for a wide range of 
products. The recommendations, there- 
fore, are presented for guidance and 
for use where they might serve to im- 
prove and simplify products, practices 
and facilities 


Knife-Edge Bearings by P. J. Geary, 
British Scientific Instrument Re- 
search Assoc. 92 x 6 in., 61 pp. 
Published by British Scientific In- 
strument Research Assoc., South 
Hill, Chislehurst, Kent, England. 
$1.50. 


The main contents of this booklet 
are an introduction to the subject of 
knife-edge bearings and a bibliography 
of 166 references. 

The introduction deals with the dif- 
ferent aspects of knife-edge bearings 
under appropriate headings. It is 
chiefly based on the information con- 
tained in, and constitutes a guide to the 
literature cited in the bibliography 


Failure of Machine Parts—Preven- 
tion and Cure. Edited by Rune 
Evaldson, Assoc. Professor and 
Charles Lipson, Lecturer, Dept. of 
Mechanical and Industrial Engi- 
neering, University of Michigan. 
11 x 814 in., 136 pp. Published by 
Dept. of Mechanical and Industrial 
Engineering, University of Michi- 
gan, Ann Arbor, Micb. $10. 


The twelve lectures summarized in 
this volume were presented at an in- 
tensive summer course at the College 
of Engineering of the University of 
Michigan. Ten different lecturers, eight 
from industry and two from the col- 
lege faculty, cooperated in presenting 
an overall picture of part failure. The 


four major subdivisions of subject 
matter included; How and Why Ma- 
chine Parts Fail, Role of Design and 
Development in Prevention of Failure, 
and Interpretation of Failures 


Helical Spring Tables by Job» D. 
Gayer and Paul H. Stone, Jr. 6 x 9 
in., 165 pp. Published by Industriai 
Press, 93 Worth St., New York 13, 
N. Y. $3. 


This is a compilation of 6800 ready 


designed compression and tension 
springs from which selection can Бє 
made to meet specific design require 
ments. Tables of compression springs 
cover coil diameters from Y§ to 4 in. 
Tables of tension springs include coil 
diameters from Yg to 2 in. Data in 
the tables are based on spring steel 
wire and service life of 20,000 cycle 
at full range deflection 

Also 
using the tables 
approximate set of specifications; 
for service life other than 20,000 cycle; 


included are instructions for 


(1) to establish an 


(2) 


and (3) to select springs for other 
than full range deflection 


Bearing Lubrication Analysis 5) 
R. R. Slaymaker, Professor of Ma- 
chine Design, Case Institute of 
Tecbnology, Consulting Engineer, 
Cleveland Grapbite Bronze Co. 6 x 
914 in., 108 pp. Publisbed by Jobn 
Wiley & Sons, Inc., 440 Fourth 
Ave. New York 16, N. Y. $5. 


Written for the machine designer 
rather than the lubrication specialist, 
this book covers the general principles 
of lubrication analysis in bearing de- 
sign. The author stresses sleeve bear- 
ings, the most common type of bearing 
found in machines. Its discussion is 
illustrated with case studies and nu- 
merical examples. There is an outline 
of hydro-dynamic theory as a guide to 
the design of bearings lubricated from 
an external source, a discussion of the 
characteristics of various bearing ma- 
terials, and an analysis of the so-called 
oil-less bearings, intended to perform 
without an external supply of lubricant. 
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Mechanical 


Farts and Design 


Analysis 


Frictional Characteristics of Plastics by W.'C, Milz and L. B. Sargent, Jr. 
Double Helical Steel Springs by Victor Tatarinov 


Long Helical Spring Behavior Under Fluctuating Load by C. L. Staugaitis 
and H. C. Burnett . . 


Seals for Mechanical Components by J. W. Pennington, T. C. Kuchler and 
È. J. Taschenberg 


Stress Equations for Strain Gage Rosettes by C. C. Perry and H. R. Lissner 


Evaluating Pythagorean Equations by Ernest L. Schlage 


Effects of Residual Stresses in Cold-Finished Steel Bars by E. S, Nachtman 
Design of Castings to Reduce Production Costs. 

Selecting Vibration Isolators by Russell Lowe 

Shifter Designs for Sliding Components by Fred Rogers 


Nomogram for Parabolic Cam with Radially Moving Follower 
by Rudolph Gruenberg к В F35 


How to Reduce Bending and Twisting of Machine Structural Elements 
by Omer Blodgett RN idu 4 bis Wap tes CN 


3alancing Pivoted Parts Subject to Impact Forces by Burton Paul and Melvin Zaid. F40 
WR* of Round Steel Bars . TY De ds F42 
Comparison of Vessel Design Theories by R. W. Schneider .. F43 
Nomograms for Pressure Vessel Design by C. J. Major. . F44 
Section Moduli of Pipes, Tubes and Shafts by James J. Kerley, Jr. ee М 
Design of Round Tubes for Combined Bending and Torsion by Robert A. Needham F49 


General 
Engineering 


م 


Metals and 
Alloys 


Nonmetallic 
Materials and 
Finishes 


Fabrication 
and Production 
Processes 


Power 
Transmission 


Mechanical 
Parts and Design 
Analysis 


Fastening 
and Joining 


Motors, Engines 
and Controls 


Electrical 
and Electronic 
Components 


Hydraulic 
and Pneumatic 
Equipment 





FRICTIONAL CHARACTERISTICS of 17 plastics are compared v 


с Lothe headstock 


A 
\ 


Strain recorder ¬ 


- 


Fig. |\—Crossed cylinders friction testing machine. Horizontal specimen is the plastic. 
Vertical specimen is 4 in. dia carbon tool steel finished to a surface roughness of 
-2 microinches rms. Dial markings on the loading gage permits application of loads 
to plus or minus 0.015 Ib. Recording potentiometer amplifies and records friction 
force in Ib between the crossed cylinders as indicated by the strain gage. 


From: Lubrication Engineer 


Frictional Characteristics 


of PLASTICS 


W. C. MILZ * L. B. SARGENT, JR., Aluminum Company of America 


THERE ARE MANY actual and potential 
applications for plastics where their 
frictional characteristics should be 
known; the major field being bearing 
design. Frictional characteristics have 
been found for comparatively few of 
the materials and the values are usually 
given at low rubbing speeds with no 
lubrication. In most instances, one co- 
efficient of friction value has been as- 
signed to each plastic neglecting the 
possibility of significant performance 
changes caused by variations in operat- 
ing conditions 


F2 


To establish reliable friction values 
under various operating conditions 17 
plastics were tested and are shown in 
Table I. The first 8 materials are 
Teflon-type materials; the remaining 
plastics are considered to be separate 
types. Significant data of Table I are 
the maximum and minimum 
cients of friction under dry and oil 
lubricated conditions. 

The minimum values for the nylon 
and Teflon materials tested occur at 
the lowest testing speed, 8 surface feet 
per minute minimum friction values 


coefh- 


for all other plastic materials tested 
occur at the highest test speed of 367 
surface feet per minute 


Testing Procedure 


The plastics commercially 
available in 1 in. dia rods and were 
tested on a modified crossed cylinders 
apparatus, Fig. 1. The surfaces of the 
specimens were finished as smoothly as 
possible under ordinary lathe practice 
without using lubrication. 

After machining, each specimen was 
washed in a concentrated solution of 
an aryl alkyl sulfonate, thoroughly 
rinsed with distilled water, shaken to 
remove excess water, and finally dried 
in a dessicator containing activated 
alumina. The plastics were usually re- 
and recleaned only when 
changing type of lubrication. Excep- 
tions were nylon and Nylatron G 
(trade name of graphite-filled nylon 
product) which required frequent re- 
surfacing when run under dry condi- 
tions because of unsatisfactory repro- 
ducibility when making repeat runs 
over the same wear path. 

Distilled water was used in the 
water-lubricated runs. A well-refined 
uncompounded mineral oil having a 
viscosity of 58 SSU/100 F., viscosity 
index of 36, and neutralization value 
of 0 was used for the oil-lubricated 
runs. This oil was applied both with 
and without the addition of 5 per cent 
butyl stearate, an oiliness additive 

The plastics were run against the 1 
per cent carbon tool steel cylinder, 
using applied loads of 1, 3, and 5 Ib; 
speeds of 8, 16, 52, 115, and 367 sfm; 
and dry, water, oil, and oil plus 5 per 
cent butyl stearate lubrication. Some 
of the plastics were physical mixtures 
of Teflon and powered materials, such 
as graphite, MoS», copper and asbestos. 
Table I shows the components of the 
different plastic mixtures. 

Oil lubrication was applied by brush- 
ing onto the plastic specimen. Water 
was applied in a continuous stream at 
the contact point with the aid of a 
medicine dropper. This difference in 
procedure was necessitated by the lack 
of wetting of the plastics by water 
when brushed on the specimens. The 
vertical steel specimen was indexed 
between tests so that no two runs were 
made on the same spot. Friction force 
measurements, which were automati- 


were 


surfaced 
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under various conditions of load, speed and lubrication. 
оле 
0.35 
0.30 
025 


020 


Coefficient of friction 


; e 3 


Applied load, Ib Applied load, Ib 


ig. 2—Effect of load at 367 sfm using no lubrication. (A) ethyl 
rellulose; (B) polyethylene; (C) Nylatron G; (D) polystyrene; 
E) Teflon—MoS; (3:1); (F) Teflon-asbestos (3:1); (G) Rulon. 


Fig. 3—Effect of load at 367 sfm using water lubrication. (A 
methacrylate; (B) Kel-f; (C) nylon; (D) cellulose acetate; (E 
LIeflon-copper (1:1); (F) Teflon; (G) Teflon-MoS4 (1:1) 


cally traced by the recording potenti- 
ometer, were converted to coefficients 
of friction by dividing the friction 
forces by the applied loads 


Results of Test 


Considering individual perform- 
ances, the Teflon-type plastics generally 
have the lowest friction values. The 
superior frictional characteristics of 
Teflon have been attributed to shear- 
ing at or near the surface of the mate- 
rial. For most other types of plastics 
the shearing occurs within the bulk 
material, thus resulting in higher co- 
efficient of friction values. 

There is comparatively little differ- 
ence in frictional characteristics among 
the Teflon-type materials. This would 
be expected since Teflon itself has an 
extremely low coefficient of friction, 
and the effect upon friction of adding 
fillers is masked by a layer of the plas- 
tic. Since Teflon has an outstanding 
resistance to scuffing, wear, and seizure, 
it will resist uncovering and exposure 
of the embedded fillers. Therefore, 
good frictional characteristics are re- 
tained even though filler materials, 
such as copper, having a relatively 
high coefficient of friction are used 


EFFECT OF LOAD. Variation of the co- 
efficient of friction with applied load 
for dry, water-, and oil-lubricated con- 


ditions is shown in Figs. 2, 3, 


Although only 
tained at 367 sfm is shown, the same 
general pattern is found at the other 
four test speeds. A speed of 367 sfm is 
selected because it best represented the 
lower coefficients of friction when all 
the plastics are considered. The Teflon- 
type materials had their lowest dry 
friction values 
about 0.03 to 0.04 less than the values 
obtained at 367 sfm. 


and 4 


data ob- 


respectively 


at 8 sfm, averaging 


The coefficients of friction generally 
decrease with increasing load, the ef- 
fect being most noticeable between 1 
and 3 Ib. A theory to this is that at 
high loads where deformation is plas- 
tic, the real area of contact, A, is pro- 
portion to the applied load, W. As the 
loads become lighter, there is a gradual 
change from plastic to elastic deforma- 
tion, and A becomes proportional to 
about W/?/3 under idealized elastic 
conditions. The coefficient of friction, 
н, is normally expressed by the equa- 
поп: 


й p/W 


where, F = sA; F = friction force; 
s = shear strength of plastic, W 

applied load; A = real area of contact. 
For plastic deformation at heavier 
loads, F will increase in direct propor- 
tion to W, but under elastic conditions 
at light loads, F will not change in di- 
rect proportion to increases in W. 
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Thus, at light loads the coefhcient of 
friction will decrease when an increase 
in load is applied to the test specimen 


EFFECT OF SPEED. Variation of fric 
tion with speed is shown in Figs. 5, 6 
and 7. Under dry lubricated conditions, 
Fig. 5, there are two general effects 
1) the friction may decrease as speed 
is increased from 8 sfm to 367 sfm; 
and 2) friction may become greater as 
speed is increased up to a certain point, 
then may lessen or level off at speeds 
beyond that point 
effect are the curves of nylon, Nylatron 
G, and the Teflon-type materials 
One possible explanation for the 
initial rise and subsequent fall of fric 


Examples of this 


tion with increasing speed might be 
centered in the combined effects of 
stick-slip and shearing. Stick-slip con- 
sists of a combination of static (stick ) 
and kinetic (slip) friction, with static 
friction being the larger of the two 
At very low speeds, the static portion 
of stick-slip is in evidence with a cor 
respondingly significant effect in pro- 
ducing large friction values. Also, 
while speed is being increased in the 
low speed range, the amount of shear- 
ing within the plastic is increasing. 
Thus, the increase in friction in the 
low speed range can be a result of in 
creased shearing, with stick-slip con 
tributing its share to the total friction 
value. As speeds increase above the 


FO 





Coefficient of friction 


Applied lood, tb 


Fig. 4—Effect of load at 367 sfm using oil lubrication. (A) meth- 
polyethylene; 


acrylate; (B) ethyl cellulose; (C) 
copper (1:1); (E) Teflon-asbestos (3:1). 


low speed range, the static friction 
component becomes more nearly equal 
to the average kinetic friction compo 
nent, and this has a reduced effect on 
the total friction value. At the same 
time, shearing occurs nearer the sur- 
face of the plastic. The result is a 
leveling off or a decrease in friction at 
high speeds. 

For those plastics that show only a 
drop in friction as speed increases, the 
effect of increased shearing at low 
speeds may be negligible in compari- 
son with the total friction developed 
by stick-slip. Therefore, high friction 
at low speed would be primarily caused 
by static (stick) friction. As speeds 
increased, kinetic (slip) friction would 
take over to reduce friction. 


EFFECT OF LUBRICATION. The effect 
of lubrication on the frictional proper- 
ties of plastics may be found by com 
paring Figs. 2 through Changing 
from dry lubrication to water or oil 
results in a lowering of friction values 
as well as a minimizing of the effect 
of other variables such as load and 
speed. It might also be expected to 
narrow the spread between the lowest 
and highest friction values, and this is 
entirely true of oil lubrication. How- 
ever, a reversal of the trend is demon- 
strated in Figs. 2 and 3 where the 
spread in water lubrication friction 
values among the Teflon-type plastics 


F4 


Coefficient of friction 


Fig. 5—Effect 
(D) Teflon- 


Teffon-MoSe 


is greater than that obtained under dry 
lubrication. The reversal to this trend 
is exhibited only by Teflon-copper 
(1:1) which did not respond to water 
lubrication to the same extent as the 


Table 1—Coefficient of Frict 


Ha 
Density 


Teflon 2.10 25 


Rulon 2.14 10 


Teflon-MoS; (1 : 1) 2.07 63 


Тейоп-Мо$; (3 : 1) 2.41 


2.88 


Teflon-Graphite (1 : 1) 


Teflon-Graphite (3 : 1 2.12 
Teflon-Asbestos (3 : 1) 


2.11 


Teflon-Copper (1 : 1) 


3.26 


Cellulose Acetate 1 


Cellulose Acetate Butyrate| 1 


24 


13 


Ethyl Cellulose 21 


Kel-F 63 


Methacrylate 89 


Nylatron G 84 


Nylon 85 


Polyethylene 35 


(Roc 


100 150 200 250 


Sliding speed, fpm 


300 350 400 


of speed at 5 Ib load; no lube. (A) Nylatron-G 


(B) polystyrene; (C) cellulose acetate butyrate; (D) nylon; (E) 


(3:1); (F) Teflon-copper (1:1); (G) Rulon. 


other Teflon-type plastic materials; 
Teflon and Teflon-MoS, (1:1). 
Other water lubrication effects are: 
the non-Teflon type materials, Kel-F 
and methacrylate are apparently un- 


ion Values for Various Plastics 


Lubrication: None Lubrication: Oil 


rdness 


kwell Maximum) Minimum | Maximum, Minimum 


(R) 0.21 0.09 0.06 0.04 


5 (R) 0.19 12 0.06 0.04 


(R)| 0.21 13 0 


(R) 22 13 


(R) 19 12 


(R) 19 12 


5 (R) 21 14 


(R) 


(R) 


(R) | 
(M 


(M) 10 


(M) 08 


(M) 09 


(R) 17 09 04 


m = 1 
Polystyrene 81 (M)| 0.45 | 0.12 0.13 0.06 
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Coefficient of friction 


Sliding speed, fpm Sliding speed, fpm 
. 6— Effect of speed at 5 Ib load using water lubrication. (A) 
hacrylate; (B) Nylatron-G; (C) Polyethylene; (D) Teflon- 
per (1:1); (E) Teflon; (F) Teflon-MoSe2 (3:1). 


Fig. 7—Effect of speed at 5 Ib load using oil lubrication. (A) 
methacrylate; (B) cellulose acetate butyrate; (C) polyethylene; 
(D) Teflon-graphite (1:1); (E) Rulon. 


affected by water lubrication while 
polystyrene and cellulose acetate buty- 
rate are affected only at low speeds and 
high speeds respectively. Cellulose 
acetate and polyethylene respond espe- 
cially well to water lubrication 

All the plastics have low friction co- 
efficients when lubricated with oil. The 
most outstanding performance is that 
of polyethylene whose friction values 
drop to a point comparable to those of 
the Teflon-type plastics. The friction 
values of cellulose acetate are no lower 
with oil lubrication than they are with 
water lubrication at high speeds. In 
many instances there is no difference 
in the friction values of filled Teflons 
when run under water or oil-lubricated 
conditions. Wetting again appears to 
be an important factor. The tests con- 
ducted with oil plus butyl stearate lu- 
brication produced only minor varia 
tions from the oil lubrication data 

Although the testing machine used 
in this work was designed with the 
object of eliminating hydrodynamic 
effects of lubricants, the possibility of 
the presence of these effects in this 
investigation is not ruled out 


Conclusions 


Many of the plastics tested show evi- 
dence of exceptionally good frictional 
characteristics even when run dry. 
Outstanding in this respect are the 


Tetlon-type materials, especially at low 
speeds. The structural and thermal 
characteristics of Teflon can be changed 
by adding fillers without sacrificing 
low friction values. This is also true of 
nylon and Nylatron G 

Other comparatively friction 
values are obtained with polystyrene 
run dry at high speed, cellulose acetate 
and polyethylene with water lubrica- 
tion, cellulose acetate butyrate with 
water lubrication at high speed, and 
polyethylene with oil lubrication. 

The friction coefficients usually de- 
crease as the applied load is increased. 
The most likely explanation for this 
effect is that elastic deformation occurs 
at light loads, and plastic deformation 
occurs at high loads 

Increased speed, especially under 
dry conditions, results in either a drop 
in friction, or an initial rise and then 
a drop. An explanation is the com- 
bined effects of stick-slip and shearing 
at low speeds, and effect of shearing 
only at high speeds 

In general, friction values drop as 
lubrication is changed from dry to 
water to oil. Two exceptions are Kel-F 
and methacrylate, which are unchanged 
by switching from dry to water lubri- 
cation. Another example is cellulose 
acetate, whose friction coefficients are 
identical when using either water or 
oil lubrication at high speeds. Under 
some conditions, certain Teflon-type 


low 
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plastics are also unaffected by the 
change from water to oil lubrication, a 
result which would not be unexpected 
when considering the extremely low 
friction coefficients of these materials 

The addition of an oiliness agent 
such as butyl stearate to the test oil 
makes little or no difference in the fric- 
tional characteristics of the plastics. 

These data clearly illustrate the 
fallacy of identifying a plastic with 
any one coefficient of friction, espe- 
cially when considering only the dry 
material. They also emphasize the 
importance of comparing coefficients 
of friction of materials only when they 
have been obtained under comparable 
testing conditions 
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Double Helical Steel Springs 


VICTOR TATARINOV 


Pilsen, Czechoslovakia 


DOUBLE HELICAL SPRINGS are often employed instead of 
single springs to gain the advantage of a shorter height and 
yet obtain a given spring capacity. The calculations required 
in the design of a double spring are more tedious. Such 
calculations can be simplified by employing the data in 
Table I. Essentially, this table represents solutions to 40 
different design requirements; the data included covers both 
single and double helical springs that satisfy each respective 
requirement. By use of these tabulated data, the merits of 
utilizing a double spring instead of a single spring in a 
given application can be quickly established. 

The springs listed in Table I are made of silico-manga- 
nese, or chrome-vanadium, standard steels, heat-treated and 
quenched; and are based on a factor of safety K = 3. For 
springs made of standard carbon steel, this factor should be 
increased by 15 per cent. 

In the tabulated data, the wire diameter d is calculated 
from the equation 

, Td 
EP. "3380-25. (1) 
and the number of active coils is calculated from 


Gd*F 
T 8 (P, — P) (D — d» (2) 
Assuming that the solid height and the preloaded heights 
of both springs in the double spring combination are to be 
equal, the fundamental design equation is 


L = (n, --m, —0.5) di 2 (n; -- m — ! , (3 


where 


10,000 Ра, 


E (4) 


10.000 Fd; 
(Pus — P,3) As 


п = (4а) 

The number of inactive end coils m is 2 for values of n 
ranging from 5 to 10 inclusive, and is 2.5 for values of n 
larger than 10. 

The design procedure and method of using the tabulated 
data are obvious from the solution of the following ex- 
ample 
EXAMPLE. Given the design conditions: 

P, = 1,800 lb; P, = 


1,000 lb; K = 3.5; F = 1.0 in. 


Find the dimensions and weight of a single spring and of 
a double spring that satisfy these conditions. 


SOLUTION FOR SINGLE SPRING. The first step is to calculate 
the breaking load of the spring K Pw, or 


К Р, = 3.5 Х 1,800 = 6,300 Ib 


In Table I, the solution with a value of K P,, that is closest 


Fe 


SYMBOLS 
P, — maximum working load, lb 
K factor of safety 
KP, 


P, = initial steady load or preload, lb 


= breaking load of spring, lb 


T = ultimate strength of spring material in torsion, psi 
¢ = Wahl correction factor for stress 
G Shear modulus; 11,500,000 psi 
F working deflection of spring from the position of its pre- 
loading under load P, to its maximum working compres- 
sion under load P», in. 
= outside diameter of spring coils, in 
diameter of spring wire, in 
solid height of spring, in. 
number of active coils 
= number of inactive coils 
8[(D/d) — 1p» x 10*  [(D/d 
G < 143.75 
Subscript numeral one refers to outer spring 
Subscript numeral two refers to inner spring 


to 6,300 Ib is No. 20. From this solution in the tabulation 
D 314 іп.; 4 = Ч іп.; апа А = 0. 48 

From Eq (4), the number of active coils is 

10,000X1.0X% © 

(1,800 — 1,000 0.48 
From Eq (3), the solid height of the single spring is 
L 18 + 2.5 — 0.5) (14) = 13.75 in 

The weight of this spring is given by 
(d/2)? (D—d 
0.344 X 2.81 X 20 
SOLUTION FOR DOUBLE SPRINGS. Also from solution No. 
20 in Table I, the data for the outer spring of a double 


9 


0.281 я? в 4 9 


18 Ib 


0.281 +?) 


spring design are: 
Dı = 3% in.; КР 
From the design conditions stated in the above problem 
example, the factor of safety K = 3.5, then 
Ры = КР,/К 5 = 1,428 lb 
For the inner spring 
D. = 1% in.; K Pus 
with a factor of safety K = 3.5 
Pos = K Pos/K = 1270/3.5 = 363 lb 
As calculated the sum of P,4 and P,» is slightly less than 
the required Pw, but with a small compromise in the factor 
of safety these springs can be loaded such that 


БЫ b = 1,800 X 363  ,.. 
1435 Po = 1.428 +: + 363 = 365 


5,000 lb; dj = %in.; A; = 0.68 


5,000/3 


0.307 in.; A» = 0. 93 


1270 Ib; d; 


1,800 X 1,428 — 
1,428 + 363 


Pa =» 
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Table II—Solid Height Data for Double Spring Example 


d, 
d. 


in, D, = 


D. 


A: 


314 in. 


0.307 in. = 1%in = 0.93 


INNER SPRING 
| ns 


P) | from 
Ib Eq (4a) | 


Pa = 
eP ys, Ib | 


+ Me 


200 


8 164 
219.0 

5 

8 


146 
109.: 
91 


20.1 6 
22.6 | 5.1 
255.1 6 
273 7 


30.1 
36.2 


SOLUTION 


31.77 


The initial steady load (preload) values P,, and P,9 are 
yet to be found, but are related by the equation 
P, 


Р, 1,000 Ib A 


Also yet to be found are the values m, and mg, which as 
seen from Eqs (4) and (4a) depend upon P,; and P,;, 
respectively. Also, », and ss are related by the equation 
that defines the solid height of the double spring 


Іл = І» = (n; -- mi — 0.5) di 9 (ns 4- mi — 0.5) di (B 


The Eqs (A) and (B), therefore, cannot be solved di- 
rectly. They can be solved graphically, however, by calcu- 
lating values of P,» from the relation P, = e Pua for 
several assumed values of e, where e expresses an arbitrary 
value of the ratio Psp /Pw2 im per cent. Then use these data 
in Eqs (4) and (4a) and plot curves for L, and Le, the 
solid height of the outer and inner spring, respectively. The 
point of intersection of these curves will indicate values 
that satisfy Eqs (A) and (B). 

In Table II are given the results of following the fore- 
going procedure in determining values of Lı and Lo that 
satisfy Eqs (A) and (B); curves plotted from these data 
are shown in the accompanying figure for the different 
values of e. The point of intersection of these curves indi- 
cates that e = 69.1 per cent, for which Lı = La = 9.60 іп 
is a solution. 

It is not good practice, however, to compress all coils 
solid. Using a clearance of !45 in. between adjacent coils 
on the inner spring to arrive at a practical design value, the 
compressed height of the double spring at full load would 
be determined as follows 

Le = 9.60 + 30 X (4) = 10.54 in 

Then the free height of the inner spring is calculated 

from the relation 


_ 365 — 
365 — 252.2 
3.24 = 


= 10.54 + 


= 10.54 + 13.78 in 


And the free height of the outer spring is calculated 


Іл іп. 
2 from 
+ 2.5 | Eq (3) 


09 | 
55 | 
85 
73 


F = 1.0 in. - 1,000 Ib 


- 1,800 Ib 


P, = 1,435 Ib 


P, 
P, Ре = 365 Ib 


OUTER SPRING 


Pu 
(P, 
| Ib 


п! 
from 
Eq (4) 

| 14.4 
14.0 
13.3 
12.9 


P4) Pa) | 


Ib 


799 
781 
744.5 
726 


9.60 


c 
ә 
-— 
Е 
= 
© 
& 
= 
o 
vo 


ез Р / Pwe XIOO, percent 


using a similar procedure as for the inner spring from 
the relation 


Py 


Ln P. 


* 10.54 17335 — 747.8 


- 10.54 4- 2.09 — 12.63 in 


The use of double springs rather than a single spring for 
supporting the load will result in a reduction of solid height 
needed equal to 


13.75 — 9.43 = 4.32 in. 


The weight of the double spring as calculated is 15.1 1b. 
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Fig. 1—Machine for testing long springs. Pneumatic sand 
rammer (A) drives the movable collar plate (C) at about 
10 strokes per second. Test springs (B) are mounted on 
guide rods threaded into the movable collar. Springs are 


compressed between plate (C) and fixed plate (D), through 
which guide rod slides. At failure, spring loaded washer (E) 
contacts adjustable stop (F) which triggers relay (G) sig 
naling solenoid operated air valve (H) to stop the machine 


From: ASTM paper 


Long Helical Spring Behavior 


Under Fluctuating Load 


Method of testing long springs on guide rods for machines. 


Effect of fluctuating load and guide rod wear on springs. 


Effect of lubrication. Comparison of long and short springs. 


MACHINE DESIGN REQUIREMENTS fre 
quently necessitate the use of long 
springs operating along a guide rod 
These springs are subjected to a fluctu- 
ating compressive load as well as to 
wear caused by the guide rod. To de- 
termine the life and type and cause of 
failure of such spring assemblies an 
investigation has been made of 50 to 
80 coil long springs wound from 0.039 
in. dia wire. 

The machine used for testing is 
shown in Fig. 1. Figs. 2 and 3 show 
coiled springs. Preliminary tests indi- 
cated that under certain conditions the 
excessive set that occurred during the 
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test made it impossible to fracture the 
spring. However, a spring is no longer 
considered serviceable once it loses 
more than a few per cent of its original 
free height or spring constant. 

To determine a criterion of failure 
other than fracture, two long springs 
were tested and interrupted at regular 
intervals to measure the spring proper- 
ties. Fig. 4 and Table I show the change 
in deflection under a fixed load, the loss 
in free height and the number of col- 
lapsed coils as a function of the num- 
ber of cycles. The criterion other than 
fracture selected as an arbitrary failure 
point is the collapse of a coil 


1956 


C. L. STAUGAITIS 


Mechanical Engineer 


H. C. BURNETT 
Metallurgist 


National Bureau of Standards 


The 0.039 in. dia wire was coiled to 
a predetermined pitch and coil diam- 
eter. After coiling, the springs were 
stress relieved at 365 F for 25 min, and 
preset by compressing them several 
times tO a point where the nominal 
shear stress in the outer fibers of the 
wire amounted to 75 per cent of the 
tensile strength. Clearance between the 
guide rod and the inside of the spring 
was about 4 per cent of the inside di 
ameter of the spring. Torsional shear 
stress range was computed from pitch 
measurements in the maximum, mini- 
mum and no load spring condition 

Previous experience with short 


F9 





Fig. 2—Portion of a long spring showing 
guide rod wear on inside surfaces. The 


contains a fatigue crack running parallel to the wire. 


springs indicated that small differences 
in minimum stress do not have a sig- 
nificant effect on fatigue life for a 
given stress range. No attempt had 
been made to maintain a constant value 
of minimum stress for all springs 
tested, although it was usually about 
15 per cent of the maximum 


Results of Test 


The results of fatigue tests on long 
compression springs are shown in Figs 
5 and 6; both graphs indicate that the 
fatigue life of long springs is consider- 
ably lower than that of short springs 
at corresponding levels of stress. 

Examination of the long springs in- 
dicated that an important cause of the 
lower fatigue life was the wear on the 
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Fig. 3—Fracture of a spring coil subjected to a stress range 
of 152,700 psi. This was an isolated case of failure along a 
plane transverse to the axis of the wire. 


marked degree of 
middle coil also 


inside of the spring where contact was 
made with the guide rod. All of the 
spring failures occurred in the first 
third of the spring length adjacent to 
the fixed head, where the rubbing ac- 
tion of the guide rod relative to spring 


but not invariably, found to be true 
Cracks on longitudinal planes of weak- 
ness were frequently found after test- 
ing at relatively high stress levels, and 
they are believed to be responsible for 
the sharp decrease in the spring con- 
stant, as shown in Fig. 4, near the end 
of the test. 


coils was at a maximum 

There are two reasons why wear 
could a reduction in fatigue 
strength. First, the loss of material re- 
duces the polar moment of inertia of 
the cross-section so that the applied 
load causes a higher stress. Second, the 
rubbing action can result in galling or 
fretting of the surface, with consequent 
formation of pits that can serve as 
nuclei for fatigue cracks. From these it 
would be expected that the fatigue 
cracks would always start in the worn 
areas of the wire, and this was often, 


cause In the lower ranges of stress a typi- 
cal fracture appears to be oriented nor- 
mal to the tensile stress, and there were 
no discernible shear fatigue cracks 
under these test conditions. Guide rod 
on the inside of the coil was 
usually visible to the naked eye. 

To determine the effect of lubrica- 


wear 


Fig. 4—Results of a test on a 70 coil long 
spring wound from 0.039 in. dia wire. 
Nominal stress range is 154,000 psi. 


Table 1l—Properties of Lubricated Long Springs 


Stress Range 
psi 


Cycles to 
Close Coil 


Cycles to 
Fracture Coil 


5,400 
5,400 
3,800 
41,000 
42,000 
50,000 
177,000 
400,000 
83.000 


110,000 


*Spring did not break 


Ро 


| Molybdenum Disulfide 
Molybdenum Disulfide 
| Molybdenum Disulfide 


Lubricant 


coils 


per cent 


Molybdenum Disulfide 
Molybdenum Disulfide 
Molybdenum Disulfide 
Molybdenum Disulfide 
Molybdenum Disulfide 
Molybdenum Disulfide 
+No. 10 oil 
No. 10 oil 


Set 
Collapsed 


Deflection 


¬ 


Cycles 
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Table I—Long Spring Properties Tested at a 
Nominal Range of 154,000 PSI 


Set Deflection Under 


per cent 


0,000 
1,000 
2,000 
3,000 
4,000 
5.000 
6,000 
7,000 
8,000 
9,000 
10,000 


11,000 
12,000 
13,000 
14,000 
15,000 
16,000 
17,000 
18,000 
19,000 


M ډه ډه‎ бо оо + © 
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20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28,000 
30,000 
35,000 
39,000 


tion on the fatigue life of long springs, 
a series of additional tests was carried 
out on the 0.039 in. diameter music 
wire. Molybdenum disulfide, SAE No 
10 oil, and a suspension of molybde- 
num disulfide in No. 10 oil were used 
to lubricate the guide rods. Additional 
lubricant was applied to the guide rods 
and springs at intervals during the test. 
The springs were tested at stress ranges 
from 78,000 to 179,000 psi 

A comparison of test results in Table 
II with Fig. 6 indicates that lubrica- 
tion with dry molybdenum disulfide 
may more than double fatigue life of 
springs for stress levels below 150,000 
psi At higher levels of stress, little 
improvement was noted 


Conclusions 


Results of fatigue tests on long com- 
pression springs made from two lots of 
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Number of 
Collapsed Coils 


range, 1000 psi 


tress 


с 


Fig. 
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7psed со 
f tured 
actured 


Short springs 
Vi springs 


04 
О 


Cycles to failure 


5—Results of fatigue test on long springs coiled from 


0.039 in. dia music wire having a tensile strength of 328,000 
psi. Short spring is wound from the same type wire. 


no 
о 


range 


ress 


S 


Fig. 6—Results of fatigue test on long springs 
0.039 in. dia wire having a tensile strength of 


4 
cycles to failure 


coiled from 
368,000 psi. 


Short spring is wound from the same type wire 


music spring wire appeared to justify 
the following conclusions 

1) In tests at high stress ranges, the 
excessive loss in free height frequently 
made it impossible to fracture the 
springs. It was determined that the col- 
lapse of a coil under a given static load 
served as a satisfactory criterion of 
failure under these circumstances 

2) The fatigue life of long springs 
operating on a guide rod was consider- 
ably shorter than that of short springs 
at corresponding stress ranges. Exami 
nation of the tested springs indicated 
that an important cause for the marked 
difference in fatigue strength between 
long and short springs was the wear 
caused by the guide rod on which the 
long springs operated. 

3) Lubrication with dry molybde 
num disulfide improved the fatigue 
life of long springs operating at stress 
ranges below 150,000 psi apparently 
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by reducing wear with consequent re 
duction in the formation of pits that 
serve as nuclei for fatigue cracks 

+) In springs tested at relatively 
high stress ranges, the initial fatigue 
crack apparently developed on planes 
of weakness parallel to the length of 
the wire. cracks frequently 
propagated along a considerable length 
of the wire and resulted in a marked 
loss of stiffness before fracture. At rela- 


tively 


These 


low stress ranges the initial 
crack usually appeared to be on a plane 


normal to the tensile stress 
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The Behavior of Long Helical 
under Fluctuating Loads by C. L 
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THE PROBLEM OF selecting and de- 
signing fluid flow barriers around 
rotating shafts in gas turbines, pumps, 
and similar equipment has become in- 
creasingly difficult because of the high 
rotating speeds, high temperatures, and 
high pressures required for efhcient 
operation. Of these variables, tempera- 
ture is generally the limiting factor in 
the seal operation 

These flow barriers or seals may 
be roughly divided into two types: 
1) clearance or non-contacting seals, 
those which depend on a small finite 
clearance between the stationary and 
rotating parts to restrict flow; and 
2) contacting seals, those which de- 
pend on contact (except for a thin 
fluid film) between the stationary and 
rotating parts to restrict flow 

The clearance or non-contacting 
category of seals includes the labyrinth 
and the floating bushing. In the laby- 
rinth, the pressure breakdown and flow 
rate are controlled by a throttling proc- 
ess. In the floating bushing, the pres- 
sure breakdown and flow rate depend 
on whether the flow is turbulent or 
laminar and are functions of the fluid 
friction value. 

Low leakage contacting seals were 
developed for bearing regions to re- 
place the labyrinths. The contacting 
seals may be divided into two general 
types. First, those seals consisting of 
a flexible ring where one side contacts 
a stationary member and the other side 
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contacts the rotating member. The 
piston ring shaft seal and the circum 
ferential seal represent this type. The 
second general type consists of a rigid 
ring bearing against a rotating mem- 
ber with a secondary static seal between 
the rigid ring and the machine housing 
This seal is generally called a face seal 
Several types of secondary seals are 
used in the face seal. 

In all of the contacting seals, the fact 
that rubbing occurs between the rotat- 
ing member and the stationary member 
introduces the problem of wear. In an 
effort to minimize wear and improve 
contact seal life, factors such as com- 
patibility of materials, hydraulic pres 
sure balance, heat dissipation, and 
dimensional changes caused by operat- 
ing conditions must be examined with 
extreme care in each application 
Table I shows the temperature, wear 
rate and surface condition of several 
material combinations used for sta 
tionary and rotating members 


Split seal housing 


(A) Well-staggered 





(B) Straight - through 


Fig. I—Controlling dimensions in (A) 
well-staggered and (B) straight-through 
labyrinth seal designs. Staggered design 
reduces leakage passed seal fins. 


Non-Contacting or Clearance Seals 


Labyrinth Seal: The simple labyrinth 
is perhaps the least complicated of all 
seals and may be used at extremely 
high temperatures and speeds since 
rubbing parts are generally eliminated. 
The labyrinth has found extensive use 
as an interstage seal in gas turbines 
because of its low weight, ease of as- 
sembly and because it can operate dry 


¢ Short 


p 
€ 4 — — Knife edge fins 


Fig. 2—Carbon labyrinth seal design. Carbon is shrunk into the housing and 
grooved to obtain the staggered configuration. Fins may be integral with the 
shaft or in a special sleeve arrangement. 
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at high temperatures with negligible 
power consumption. 

The most common type consists of 
a series of stationary metal fins located 
very close to a rotating cylindrical sur- 
face. The clearance between the rotat- 
ing member and the stationary member 
is initially kept as small as bearing 
clearances, tolerances and distortions 
permit. During the course of opera- 
tion, contact may occur between the 
shaft and the fins causing burning and 
displacement of the fin material which 
increases the radial clearance. This in- 
crease in radial clearance results in a 
sizeable increase in flow through the 
seal since leakage is directly propor- 
tional to the clearance area. 

The physical dimensions of the well- 
staggered and straight-through laby- 
rinth that control the flow or leakage 
are shown in Fig. 1. The first relation- 
ship is the ratio of the clearance c to 
the fin thickness ¢, or c/t; this ratio 
controls the flow coefficient of the seal 
To obtain coefficients below 0.7, the 
c/t ratio must be greater than 3. In 
straight-through labyrinth, the second 
ratio is that of the clearance c to the 
fin pitch s, or c/s. This ratio controls 
the kinetic energy available for the 
next stage of expansion since the in- 
crease in stream depth depends on the 
distance s. In the well-staggered laby- 
rinth the dimension / should be made 
as large as practical since the stream 
flowing against this vertical face will 
lose most of its kinetic energy before 
entering the next stage. The number 
of expansion stages also controls the 
flow through the seal, however, the 
gain in leakage control by an excessive 
number of stages is small since the 
pressure drop across the last stages is 
so small that these stages become in- 
effective. 

An estimate of leakage through laby- 
rinths for gases can be made from the 
following equaticn: 


slight scoring 


scored 
scored 


Edges flared 
scuffed 


Surface Condition 


Fair, some pickup and discoloration 


Light pickup and scuffing 
Stained, scuffed 
Blackened, heavy pickup 
Stained, discolored 
Smooth, pickup 


Good, polished 
Gelled, scored, extruded 


Scored, scuffed, extruded 
Galled, scored, extruded 
Extruded, galled, scuffed 
Badly scored, pickup 


scuffed 
Extruded, galled, scored 
Pickup 


Rotating Member 
Scuffed, scored, extruded 
Scuffed 
Scored, extruded 
Scored, discolored 


Scored, 


Pickup 
Galled, 
Scored, 
Good, 


Galled, 


The Cleveland Graphite Bronze Co 


0.0023 
0.0019 
0.0012 
0.0000 


inches 


max 


AND SURFACE CONDITION 


10 micro 
indicator reading 


hr 


n 





Condition 


Surface finish 


Surface 
scored 


Smooth, polished, extruded 
Fair, surface coating melted 


Scored, extruded 

Scored 

Galled, scored, extruded 
Badly scored, galled 
Smooth, edges broken 
Scored, extruded 


Smooth, glazed, pitted 
Galled, scored, extruded 
Badly worn, extruded 
Extruded, porous 


Lightly scored, pitted 
Scuffed, 


Smooth, polished 
Galled, scored 
Extruded, scored 


Bright, smooth 


Cracked, porous 
Porous, coarse 
Polished 

Galled extruded 
Badly scored 


Lightly scored 


Stationary Membe 


ry seal rings 


, Sstationa 


0.0009 


Max Temp 
F 
0.0001 in. max. in 6 hr 


STATIONARY 
MEMBER 


F /min 


Max Temp 


Rise 


al specifications for rota 


Contacting surface flatness, wit 


rotating member 


Wear 


um Plated 
um Plated 
um Plated 
ium Plated 
ium Plated 
Mechanic 
max 


Rotating Member 


load 


150 fps; 


Steel-Chromium Plated 
Steel-Chromium Plated 


Nitrided Stainless Steel 
Steel-Chromium Plated 
Steel-Chromium Plated 
Steel-Chromium Plated 
Steel-Chromium Plated 


Cast Iron 


Monel 


Steel-Chromium Plated 
Steel-Chromium Plated 
Porcelain Enamel on Steel 
Steel-Chromium Plated 


Steel-Chromium Plated 


Tool Steel 


Cermet 
Steel-Chromium Plated 


Steel-Chromium Plated 
Steel-Chromium Plated 
Steel-Chromium Plated 


Steel-Chrom 
Steel-Chromi 
Steel-Chrom 
Steel-Chrom 
Steel-Chrom 


| | Г (Р,/Р,\ ГР; 

: o P/F NV v. 
Where A is the area of the annulus 
between the fin and the cylinder, a is 
a function of c/? and is taken as an 
average of 0.71 for c/t in the range of 
1. 3 to 2.3, m is the number of expan- 
sion stages, g is the gravitational con- 
stant, P, is the upstream pressure, V, 
is the specific volume associated with 
P,, and P, is the pressure following 
the nth stage. y is a factor which de- 
pends on the carry over energy from 


Unit face 


Rubbing velocity, 


14,250 rpm; 
Lubrication, none; Length of test, 6 hr 


jed Steel 


5 psi; 


MATERIAL COMBINATIONS 


Speed, 


on Steel 


GRAPHITE BASE 


Stationary Member 
; Air pressure, 


conditions 


Carbon-Grade-A (Lot 2 


Carbon-Grade-A 
Carbon-Grade-B 
Carbon-Grade-A 
Carbon-Grade-A 
Carbon-Grade-A 


Beryllium Copper 
Beryllium Copper 
Beryllium Copper 
Nitrided Steel... 
Steel-Chromium Plated 
Aluminum Bronze 

50 Ag +50Ag:S0 

90 Cu 4-10 CuS 

90Ag --10 Teflon 

SOAg +50Ag:S on Stee! 


Porcelain Enamel on Steel 


Silicone + MoS: 

MoS; on Monel 

MoS: in Cu Plate on Steel 
NasSOs 4- MoS: on Nitric 

BeCu +Graphite Film 
Chromacarb Case on Tool Steel 
Nitrided Stsiniess Stee! 


Table I—Materials Evaluation of Contacting Seals 
COATED 
SOLID 
Tool Steel 
SINTERED 
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Fig. 3—Floating bushing seal. Series of floating rings is shown 
in (A) while (B) shows a single floating bushing. In (B) the 


stage to stage and is taken as 1 in a 
well-staggered labyrinth. However, 
for a straight-through labyrinth de- 
pends on the ratio of the radial clear- 
ance to the pitch or c/s, and on the 
number of throttlings, ». For example, 
at n 12, y varies almost linearly 
from 1.0 to 2.0 with values of c/s 
from 0. to 0.08. Similarly, at » і 
and the same values of c/s, y 
from 1.0 to 1.75 and at » 
from 1.0 to 1.35 
estimating only. 
The leakage based on the above con- 
siderations implies that sharp edged 
fins are used If rubbing 
occurs, the fins of the metal labyrinth 
become flared and burned on the edge 
which either 


varies 
2, y varies 
These values are for 


in the seal 


increases the flow co- 
efficient and/or increases the clearance 
and hence the leakage. To obtain low 
initial clearances and prevent damage 
to the fins, a carbon labyrinth may be 
used. Contact of the fin and carbon 
causes the carbon to be removed with- 
out damage to the fin 

The cross section of a carbon laby- 
rinth seal is shown in Fig. 2. To main 
tain finite clearances between the fins 


and carbon at all operating tempera 


tures, the carbon is pre-stressed by 
shrinking into a steel band so that the 
thermal expansion of the assembly ap- 
proximates the thermal expansion of 
the shaft. The carbon labyrinth permits 
lower radial clearances than ordinarily 
possible with all metal designs. This 
low clearance coupled with a relatively 
constant flow coefficient maintains car- 
bon labyrinth leakage rates below those 
of metal labyrinths. The carbon laby- 
rinth however is limited at present to 
an operating temperature of about 
700 F in an oxidizing atmosphere 
Floating Busbing: 'The configuration 
of the floating bushing has a secondary 
contact seal added to obtain radial shaft 


Ри 


Floating rings 


Lock pin 


Machine 
housing 


displacement without heavy interfer- 
ence of the parts. The primary seal, 
remains a clearance seal, but the use 
of a secondary seal permits the diamet 
rical clearance to be reduced consider 
ably below the clearances of the laby- 
rinth. In industrial applications several 
floating bushings are sometimes used 
(A) to 
obtain a desired pressure breakdown 

A second general arrangement is 
shown in Fig. 3 (B). The primary 
seal is formed by the outside diameter 
of the shaft and the inside diameter 
of the sleeve or bushing. The secondary 
seal is formed by the end of the bush- 
ing contacting the housing plate which 
is perpendicular to the shaft. A spring 
insures contact between the secondary 
seal surfaces at low pressure differen- 
tials and a lock pin prevents rotation 
of the bushing due to viscous drag on 


in series as shown in Fig. 3 


the primary sealing surfaces 

Since the floating bushing is pri- 
marily a non-contacting or clearance 
seal, the leakage is a function of the 
radial clearance between the shaft and 
bushing. The leakage or flow rate for 
uniform radial clearance can be pre- 
dicted with good accuracy by the 
relationship 


rDh? dp/dlI 
и 121 

where q is the flow rate, „D is the 
circumference of the shaft, b is the 
radial clearance, dp/dL is the pressure 
gradient in the axial direction, & is 
the absolute viscosity and L is the axial 
length of the bushing. In the case of 
incompressible fluids, dp/dL becomes 
А Р. А similar calculation for the sec- 
ondary seal may also be made, but the 
flow will be a small percentage of that 
computed for the primary seal because 
of the very small clearance 5, between 
the secondary surfaces of the seal 


spring 


Lapped sea! 
housing plate 


Carbon bushing 
sleeve 


Secondary sealing 
surface 


Primary sealing 
surface 


secondary seal is not pressure balanced, but if a step shaft is 
used, the balance may 


be adjusted similar to a face seal. 


The relationship is true only when 
the bushing is prefectly concentric with 
the shaft. This condition seldom exists 
When the shaft rotates, a hydrodynamic 
lift force similar to that in a sleeve 
bearing is produced and this force is 
opposed by the seal weight and sec- 
ondary seal radial friction drag. The 
hydrodynamic force tends to position 
the center line of the seal relative to 
the center line of the shaft with an 
eccentricity which depends on the 
equilibrium between hydrodynamic 
pressure forces and the other forces 
The non-uniform clearance increases 
the flow rate through the primary seal 
by a factor from 1 to 2.5 times that 
obtained with the theoretical uniform 
clearance; 2.5 being the factor at maxi 
mum eccentricity. 

The use of an all carbon close clear- 
ance bushing is not practical because 
the low coefficient of thermal expan- 
sion of carbon compared to that of the 
steel shaft would cause the two parts 
to contact as the temperature increases. 
To avoid this problem, the carbon is 
shrunk into a steel band of the same 
material as the shaft. As the ambient 
temperature increases, the steel band 
expands at the same rate as the shaft 
which relieves the pre-stressed carbon, 
allowing it to expand at substantially 
the same rate as the steel. In this way, 
the clearance is maintained at the de- 
signed value throughout the operating 
temperature range. 

The carbon bushing is limited to 
temperatures of about 700 F since the 
carbon binder breaks down. However, 
with careful selection of new materials 
and dimensions, this limit may be 
raised appreciably. Another important 
characteristic of this type seal is the 
relatively low power consumption re- 
quired for floating bushing gas seals 
However, with liquids the viscosity is 
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Static housing 


Piston ring 


Chamfer for closing 
ring in assembly 


Ring groove 


Ring groove 
carrier 


Fig. á— Piston ring shaft seal. With the shaft stationary, the seal formed is simi- 
lar to a hydraulic or combustion engine ring. When rotating, the primary seal 
forms on the side of the ring. Secondary seal is between ring and housing. 


high so that the power consumption 
of the floating seal may be large. 


Contacting Seals 


Piston Ring Shaft Seal: This seal 
consists of a piston ring where the 
outside diameter bears against the bore 
of a housing surrounding the shaft and 
where the wall extends into a groove 
either in the shaft or in a member 
attached to the shaft. This arrangement 
is shown in Fig. 4. The tension in the 
piston ring plus the hydraulic un- 
balance of the ring determines the 
bearing load of the ring against the 
bore of the housing. A pressure differ- 
ential (P, — P^») seats the piston ring 
against the side of the ring groove 
carrier with a bearing load caused by 
the hydraulic unbalance in the axial 
direction. 

When the shaft rotates, rubbing oc- 
curs between the side of the ring and 
the groove. In some instances a small 
tangential relative motion takes place 
between the OD of the ring and the 
housirg. The principal motion is axial 
resulting from end play and axial dis- 
placement of the shaft. The pressure 
distribution acting on the primary and 
secondary sealing surfaces is shown in 
Fig. 5 for an incompressible fluid. 

The type of piston ring joint used 
depends to a large extent on the leak- 
age requirements and whether the fluid 
is a liquid or gas. Low leakage liquid 
seals require the use of a sealing joint 
in the ring having the same type of 
dimensional control as that used in 
hydraulic piston rings. Gases may be 
sealed reasonably well with a straight 
cut ring having a low end clearance. 
Where very low leakages are required 
in gases, the sealing joint is also used. 

A series of tests were made using 
5 x V$ step seal rings operating at 


speeds from 0 to 3500 rpm, pressures 
up to 80 psi with SAE 30 oil. Fig. 
6 (A) shows the effects of some vari- 
ables. The increase in leakage with 
increasing pressure follows the pattern 
obtained in static hydraulic tests. The 
increase in leakage with increasing 
speed is probably caused by centrifugal 
force since the piston ring seal is an 
outward flow seal. 

The set of curves showing the effect 
of runout of the ring groove carrier, 
Fig. 6 (B), is particularly important 
since it suggests tolerance limits for 
this part. The increase in leakage 
caused by runout is considered to be 
the result of an axial flow across the 
OD of the ring as it oscillates while 
following the side of the groove. Had 
separation taken place along the pri- 
mary seal because of oscillation, the 
leakage would have been considerably 
higher than shown. 

The most important limitation on 
the use of the piston ring seal is the 
material required to give satisfactory 
wear life. Since a piston ring is a 
structural member operating at a fairly 
high stress level, many materials which 
have good wear properties, but are 
weak in flexure, cannot be used as the 
ring material. Another inherent weak- 
ness is the lack of an axial seating force 
to maintain contact on the primary 
sealing surfaces when the pressure 
force is zero. Since the ring side clear- 
ance must be several thousandths of 
an inch to minimize viscous friction 
drag, a shift in the housing-shaft rela- 
tionship may separate the primary 
sealing surfaces at low pressures if the 
friction drag on the outside diameter 
of the ring is too high. 

To offset these disadvantages. this 
seal has the smallest number of parts 
of all contact seals. Although the stress 
in the ring prevents the use of many 
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materials, the stress level is low com- 
pared to that of springs required in 
other contact seals and for this reason, 
is adaptable to high temperature ap- 
plications. In addition, this type seal 
is much less expensive than other seals 
of equal sealing ability. 
Circumferential Seal: The cross sec- 
tion and general configuration of the 
circumferential seal is shown in Fig. 7. 
The major difference between the cir- 
cumferential and piston ring seal is 
that the circumferential seal is a con- 
tracting ring rather than an expanding 
ring so that the inside diameter bears 
against the shaft or a sleeve attached 
to the shaft and forms the primary seal 
on this surface. The secondary seal is 
formed by the side of the ring bearing 
against the seal case or housing. Thus, 
axial travel is permitted on the primary 
sealing surface and radial displacement 
occurs along the secondary sealing sur- 
face. By locating the ring in an external 
stationary groove, springs could be 
added to provide an axial force at zero 
pressure differential to insure contact of 
the secondary sealing surfaces against 
the primary surfaces at all times. 
The circumferential seal ring has 


P оо 
of 
ring 


Pi 


Fig. 5—Pressure distribution on piston 
ring seal. The unbalanced hydraulic 
forces F; and F, seat the ring. To pre- 
vent the ring from spinning freely in the 
static housing because of friction drag 
on the ring side, a balance of friction 
and hydraulic forces must be obtained. 
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been made in segments and is bound 
to the shaft by a garter spring. In this 
way the circumferential seal can be 
made of low strength materials such as 
carbon since the garter spring provides 
the radial load. Rotation locks prevent 
the segments of the ring from rotating 
with the shaft 

The segments of the ring are cov- 
ered at the gaps by a cover ring and a 
back ring. The back ring prevents flow 
through the gap in an axial direction 
and the cover ring prevents radial flow 
through the gap. Other joint designs 
similar to those used in piston rings 
are also used in the circumferential seal 
ring. In all instances, careful dimen- 
sional control is necessary to obtain low 
leakages. The gaps in the ring allow 
the seal to wear without affecting the 
efficiency of the seal and also permits 
dimensional changes in the rotating 
part caused by temperature and stress 
changes. 

Numerous vents and reliefs have 
been added to the two sealing surfaces 
of the ring as shown in Fig. 7. This 
represents a refinement in design over 
the plain piston ring type seal. By 
venting, the pressure on the high pres- 
sure side is allowed to reach the rela- 
tively narrow dam or sealing ridge. In 
Fig. 5, the pressure drop is assumed 
to be linear as shown for incompres- 
sible fluids. The hydraulic force per 
unit length of circumference then is 
approximately one-half the pressure 
drop across the ring times the width 
of the ring, f(lb/in) = APb/2. It is 
evident from this relationship that f 
may be reduced directly by reducing 
the width of the ring. This reduction 
is obtained in the circumferential seal 
by venting the ring and results in a 
decrease in the hydraulic unbalance. 


In this way, an appreciable reduction 
in wear and friction drag is obtained. 
The material used in the seal ring 
is generally carbon, since it has a low 
coefficient of friction and conforms 
easily to the shaft. A number of grades 
are available from the several carbon 
companies, and wear satisfactorily at 
temperatures below approximately 700 
F ambient. However, because of the 
inability of the binder material in the 
carbon to resist oxidation above 700 F, 
a very high wear or breakdown of the 
rubbing surface is encountered above 
that temperature. Two alternatives ex- 
ist as approaches to the solution of this 
problem: 1) increase the amount of 
heat removal by the cooling oil; and 
2) investigate materials to obtain a 
replacement material for carbon 

The structural components of the 
circumferential seal are generally stain- 
less steel and the springs are Inconel X. 
The ring or runner on which the seal 
carbon bears is made from a material 
selected for wear and heat dissipation 
properties. For those applications 
where the temperature is not in excess 
of 600 F, a ground chrome plated steel 
part has given very good wear results. 
At temperatures higher than 600 F, 
the chrome plate begins to soften, and 
other materials may be required. 

If it is at all feasible in the design, 
efforts should be made to keep the seal 
temperature below 700 F so that car- 
bon may be used in the seal. It is 
necessary to provide a cooling oil to 
the runner to obtain good carbon wear 
life when the ambient temperature ex- 
ceeds 300 F and AP exceeds 30 psi. 

A number of advantages are found 
in the circumferential seal design. The 
space required for this seal is small, 
being about 1 in. x 114 in. cross section 
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for a 6 in. diameter seal. Another ad- 
vantage is that of unlimited axial shaft 
travel without changing seal perform- 
ance or wear life as would occur in the 
short travel face seal. This is possible 
because the primary seal is formed 
along a cylinder of constant diameter 
which may be any length required for 
the shaft travel. Through the reduction 
in hydraulic unbalance and the coeffi- 
cient of friction of carbon, the horse- 
power required for a 6 in. diameter 
seal operating at 60 psi and 8000 rpm 
is approximately two. 

Face Seal: The third type of contact 
seal is the face seal. A wide variety of 
configurations are found in the designs 
of this group. However, if a compari- 
son is made of the piston ring and 
circumferential seal with all the face 
seal designs (except for the bellows 
seal) it will be found that each has a 
primary and secondary seal but the 
primary and secondary seals have been 
reduced to separate components in the 
face seal. Through this separation, the 
primary seal may be made of a con- 
tinuous rigid ring. The secondary seal 
being an independent component is 
made of a flexible sealing member. 

The general arrangement of a face 
seal is shown in Fig. 8, and indicates 
the general location of the secondary 
seal. Since high rubbing velocities oc- 
cur, wear is important and the wear 
rate depends on the thrust load be- 
tween the shaft and solid seal ring 
To maintain a constant contact be- 
tween the shoulder and seal ring under 
all operating conditions, some type of 
axial spring is used; this may be a 
wave washer, a single coil spring, or 
a multitude of small springs. 

The seal ring in several current seal 
designs is a composite of the wear ele- 
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Fig. 6—Piston ring shaft seal leakage as a function 
of pressure (A). Effect of ring groove carrier runout 


on piston ring shaft seal leakage (B). Curves of run- 
out suggests the tolerance limits for these parts. 
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ment and a metallic carrier. Within 
the temperature ranges approximately 

100 F and 300 to 400 F, low carbon 
steel or one of the stainless steels is 
normally used. When temperatures ex- 
ceed these limits, proper design and 
material selection are necessary to 
avoid extreme variations in the соећ- 
cients of linear expansion. Otherwise, 
the difference in relative expansion or 
contraction will adversely affect the 
flatness of the sealing surface and con- 
sequently its sealing effectiveness. Fig. 
9 demonstrates the comparative expan- 
sion rates of several typical carbons. 

Production seals in current use at 
elevated temperatures, include in their 
design one of two types of springs, 
the helical coil wire type and the flat 
wave type spring. Both forms are 
fabricated from the stainless alloys, 
carbon spring steel, high alloy spring 
steel and the Inconel alloys capable of 
cold working or heat-treating to the 
required spring properties. Material 
selection, of course, is based on the 
compatibility of the finished part with 
its environment, both from the stand- 
point of corrosion resistance and the 
ability to maintain its desirable spring 
properties through a wide range of 
temperatures. Fig. 10 is an indication 
of temperature limitations. 

Depending on the wear life re- 
quirements of the seal, some degree 
of reduction in unbalanced hydraulic 
pressure force is necessary, especially 
where high pressure, high speeds and 
high temperatures are involved. Pres- 
sure balancing is achieved through the 
arbitrary selection of a diameter which 
serves as a reference. The sealing dam 
is dimensioned in such a way that 
equilibrium is achieved between the 
seating force (on the right) and the 
unseating force (on the left) as shown 
in Fig. 8. This diameter is sometimes 
referred to as the balancing diameter. 
By careful selection of the geometry 
of the seal with respect to the refer- 
ence diameter, the bearing load be- 
tween the solid seal ring and the 
shoulder may be controlled as desired. 

The contact between the primary 
sealing surfaces at zero pressure must 
be maintained with the axial springs. 
This may not be the only function of 
the spring. For example, if the seal 
were completely balanced hydraulically, 
then there would be no axial pressure 
force to keep the solid ring against the 
shoulder if runout existed between the 
shoulder and shaft; thus, the spring 
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a piston ring seal having certain 


refinements which eliminates many of the problems met with the plain piston 
ring shaft seal. Refinements include addition of vents, reliefs and gaps. 


must accelerate the solid seal ring and 


sleeve. Again considering the fully 
balanced seal, the friction of the sleeve 
along the secondary seal has to be offset 
by an equal force from the spring 
The sum of acceleration and all fric- 
tion forces is the minimum spring 
force required in a theoretically pres 
sure balanced seal 

The secondary seal must act as a 
flexible seal to control leakage along 
the sleeve and permit axial and angular 
alignment of the solid seal ring with 


the shoulder. In low temperature ap 
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plications, plastic or rubber cup rings, 
O-rings, and diaphragms serve as a seal. 
At temperatures above 500 F, these 
rings must be replaced with heat re- 
sistant materials, such as a metal piston 
ring. Wear of the metal secondary is 
a serious problem since a very 
limited involved, 
although fretting may be a problem. 
In applications where the temperature 
is below 700 F, a carbon secondary ring 
may be used with the particular ad- 
vantage of low friction drag 
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Fig. 8—Pressure distribution for incompressible fluids on face seals. Primary 
seal is formed between a shoulder or the shaft and the solid seal ring. 
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Fig. 10—Maximum operating temperature limitations 
of various spring materials used with face seals. 


Fig. 9—Comparative linear thermal expansion be- 
tween steel and carbon at various temperatures. 


the secondary seal include the synthetic 
rubbers, Buna, Neoprene, Butyl and 
silicones. Several compounds of each 
of these basic polymers have been de- 
signed to provide the best aging char 
acteristics in a variety of fluids. Table 
II indicates typical limitations of these 
materials in the media they most fre- 
quently experience in aircraft engines 

Design of secondary sealing ele- 
ments is dependent on the design of 
the seal in which it is to be used and 
on the hydraulic pressures applied 
Cross sections, such as O-rings, Quad- 
rings, chevrons type and single lip seals 
are the more common forms. O-rings 
and Quad-rings are used for pressures 


Table II—Maximum Temperature, 
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above 500 psi. Anti-extrusion rings are 
used in combination these 
higher pressures. 


with at 

Several advantages are gained in the 
face seal over other seals. First, the 
face seal can accommodate small angu- 
lar misalignment of the seal housing 
and shaft without appreciably influenc- 
ing seal performance. Second, the face 
seal can be fully pressure balanced with 
little difficulty and for this reason may 
have a long wear life. A third advan- 
tage is that relatively weak materials 
with good wear properties may be used 
as a wear ring since the ring may be 
compressed into the sleeve. A fourth 
advantage is the low power required 
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for dry gas seals; this may be as low 
as one-quarter horsepower at 12,000 
feet per minute 

The limiting factors in the use of 
a face seal are as follows: First, the 
face seal is restricted to a relatively 
short axial travel (about +3/16 in.) 
of the shaft because of changes in 
spring loading. Second, the shoulder 
or step in the shaft prevents assembly 
in some locations. Third, the face seal 
is relatively heavy and requires more 
space than either the piston ring 
or circumferential seal. Fourth, the 
problem of retaining flatness in the 
mounted shoulder is difficult in large 
diameter light sections because of load 
and thermal distortions. Fifth, the face 
seal assembly must be a one piece as- 
sembly, and therefore has to be as- 
sembled over the end of the shaft. 
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tress Equations 


For Strain Gage Rosettes 


Summary of the equations required to find the principal stresses, thé maximum 


shearing stress, and the angle to the principal stress direction for several types 


of rosettes. The equations tabulated express the relations between principal 


stresses and readings as obtained from two-gage, rectangular, delta, and T- 


delta types of rosettes. The charts and the tables of equations are presented as a 


convenient reference for calculating significant stresses from measured strains. 


PERRY and H. R. LISSNER 


Wayne University 


IN STRESS ANALYZING PRODUCTS OR COMPONENTS, either 
the principal stresses or maximum shear stress may be of 
interest. Because stress itself cannot be measured directly, 
the usual process involves the measurement of strains from 
which the significant stresses are subsequently inferred 
through the laws of elasticity. 

While there are several methods of measuring strains, 
the most versatile and widely used is the wire resistance 
strain gage. This gage can be cemented directly to the sur- 
face of the part in the region of high stress and, when con- 
nected with the proper instruments, will produce an elec- 
trical output proportional to the strain along the gage axis. 
To facilitate the simultaneous measurement of strains along 
several axes, manufacturers produce rosettes which consist 
of from two to four wire grids oriented with respect to each 
other at specific angles. 

There are three classes of circumstances commonly en- 
countered by stress analysts: 

(1) Uniaxial stress; 

(2) Biaxial stress with directions of principal axes 
known; and 

(3) Biaxial stress with direction of principal axes un- 
known 

The first class merely requires alignment of one conven- 
tional strain gage, and measurement of the strain along the 
one principal axis along which the stress exists. The ob- 
served strain can be multiplied by the modulus of elasticity 
of the material to calculate the maximum normal stress 
The maximum shear stress will be equal to one-half the 
maximum normal stress and will act at an angle of 45 deg 
relative to the principal axis. This problem does not require 
a strain rosette 

The second class of applications is more complex. Where 
a condition of biaxial stress exists, the maximum and mini- 
mum values of stress lie along mutually perpendicular direc- 
tions. These stresses are called principal stresses, and the 
planes on which they act are principal planes. Since one of 
the principal stresses is always the greatest stress acting at 
a point, its magnitude and direction are significant. 
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The principal strains are the maximum and minimum 
values about a point and are mutually perpendicular. The 
directions of the principal strains coincide with those of the 
principal stresses. 

A distinguishing feature of principal planes is that no 
shearing stresses or strains act on them 

In a biaxial stress field, the stress along the principal axes 


can be calculated from the following equations 


where 
e, = principal stress along the z direction 
оу principal stress along the y direction 
' = modulus of elasticity 
и = Poisson’s ratio 
€, ^ principal strain in the т direction 
є, = principal strain in the y direction 

These equations demonstrate that o; is a function of both 
€y and es. The same condition holds for øy. Thus, even if the 
principal stress directions are known so that the principal 
strains can be measured in these directions, both of the 
strains must be 1aeasured to determine either one or both 
of the principal stresses. 

While such measurement can be obtained using two in 
dividual gages, greater accuracy and convenience will result 
from the use of a two-gage rosette which has two independ 
ent strain sensitive elements mounted at right angles to one 
another. 

This composite gage is cemented in place with the axes 
of the elements coincident with the known principal axes 
of the part so that principal strains are observed directly 
The accompanying table gives the equations for calculating 
all significant stresses from the resulting data 

The third and most general class of applications occurs 
when there is a biaxial stress field and the principal axes are 
unknown. A minimum of three strains must be measured, 
and therefore, a threr-gage rosette (rectangular or delta 
is required. The rosette can be cemented to the surface of 
the test piece with any convenient over-all orientation, since 
the equations in the table give not only the magnitudes of 
maximum and minimum principal stresses but will also 


Fi9 





allow calculation of the angle from any gage axis to the 
axis of the maximum normal stress 


While selection of the particular rosette for any one ap 


plication will depend upon a number of variables, such as 
the expected severity of stress gradient and the space avail- 
able for the rosette, in general a delta rosette is preferable. 

The grids in the rectangular rosette are at 45 deg inter- 
vals, as indicated in the table, while those in the delta rosette 
are at 60 degrees. 

An exception to the preference occurs when the principal 
stress directions are known approximately. For this condi- 
tion, the rectangular rosette is preferable since the orthog- 


onal gage can be initially aligned in the approximate direc- 
tions of the principal stresses 

The T-delta rosette is identical to the delta rosette excep: 
that a fourth grid is built into the assembly at right angles 
to one of the other grids. The observed strains along the 
three axes of the gage forming a delta can be substituted 
into the conventional delta rosette equations in the table, 
and the output of the fourth gage used as a check on the 
accuracy, or, if desired, the outputs of all four grids can bc 
substituted directly into the T-delta equations in the table 
to produce the magnitudes of the significant stresses and 
the angle to the maximum normal stress axis 


NUMERICAL EXAMPLE 


Stress onolysis of pressurized aluminum oircraft skin in 


vicinity of window 


Meosured stroins from gages: 


€,* 122 x 1079 in per in 
ep -405x10" in. per in 
€3* 68Ix 0 "* in. per in. 


From the toble 
€, * €9 * €3 


3(1-y) 


C Max * E 


6 1122 – 405 + 681 
3(1- 0.33) 


= 10x10 


© 13,780 psi (Tension) 


(-405 - 68!) 


122 - 405 + 681 
3 


1122 - 





1122 - 405 + 681 
3 


1122 - 


Angle from X- oxis to max. principal stress axis 
Negotive ongles - C.W 
Positive ongles - CCW 


V Min and Tmax calculated similarly 
C Min * 140 psi (Tension) 


r Max * 6,820 psi 
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Evaluating Pythagorean Equations 


ERNEST L. SCHLAGE values of a/b. Values of T can be interpolated by using the 


Schlage Lock Company average differences given in the right hand column 


THIS TABLE OF Pythagorean Divisors is devised to speed The method of using the Table to find the unknown side 


: i of a right triangle, two sides of which are known, is indi- 
the calculations involved in the solutions of equations hav ‹ ‘ 


ated in the accompanying figures and example. 
ing the form aia — чу н I 
a+b с? : 
, EXAMPLE CASE I. 
in which a and » are smaller than c and any two terms have 


f} 


aH . 1 > к 1 € ә 5 ( ۱ ^ Ol i 
known values. The table is computed to yield solutions Given: a = 5.34; and í 12.5. Find the value of 


accurate to three significant figures. 


The quantities M, the first two digits of which are given SOLUTION: 


in the margin of the table and the third digit of which is M ale 5 34/12 5 = 0.4272 


ale 


given in the top row of the table, identify values either of For M = 0.4272. the value of T fro 


a/c or of b/c depending upon which set of terms are 0.4722 .- 0.2 x 0.0014 


‘as 


known then 


The quantities T given in the body of the table identify 5.34/0.4725 


«C, 
oo 
P 


a= known o = unknown 


b= unknown b= known 


CASE I CASE II CASE II 
Colculote: M* a/c Caiculate: M= b/c Calculate: T = a/b 
Obtain Т from table Obtain T from toble Obtain M from table 
Calculate: b= a/T Caiculote: a= b/T Calculate: c= 0/M 


TABLE OF PYTHAGOREAN DIVISORS 


000 001 0.002 0.003 0.004 0.005 006 0.007 0.008 009 Diff. 


0000 0010 0.0020 0.0030 0.0040 | 0.0050 0060 0.0070 0.0080 | 0090 0.0010 
0100 0110 0.0120 0.0130 0.0140 0.0150 | 0160 | 0.0170 | 0180 0190 0.0010 
0200 0210 0.0220 0.0230 0.0240 0.0250 0260 0.0270 0.0280 0290 0.0010 
0300 0310 0.0320 0.0330 0.0340 0.0350 0360 | 0.0370 0.0380 0390 0.0010 
0400 0410 0.0420 0.0430 0.0440 | 0.0450 0461 0.0471 0.0481 0491 0.0010 


0501 0511 0.0521 | 0.0531 0.0541 0.0551 | 0561 0.0571 0.0581 0591 0.0010 
0601 0611 0.0621 0.0631 0.0641 0.0651 | 0661 0.0672 0.0682 0692 0.0010 
0702 0712 0.0722 0.0732 0.0742 0.0752 0762 0.0772 0.0782 0792 0.0010 
0803 0813 0.0823 0.0833 | 0.0843 0.0853 | 0863 0.0873 0.0884 0894 0.0010 
0904 0914 0.0924 0.0934 0.0944 0.0954 | 0964 0.0975 0.0985 0995 0.0010 


1005 1015 0.1025 0.1036 0.1046 | 0.1056 1066 0.1076 0.1086 1097 0.0010 
110 1117 0.1127 | 0.1137 0.1147 0.1158 1168 0.1178 | 0.1188 1198 0.0010 
1209 1219 0.1229 | 0.1239 0.1250 0.1260 1270 0.1280 0.1291 1301 0.0010 
1311 1321 0.1332 | 0.1342 | 0.1352 0.1363 1373 0.1383 0.1393 1404 0.0010 
1414 1424 0.1435 0.1445 0.1455 | 0.1465 1476 | 0.1486 0.1496 1507 0.0010 


151 1528 0.1538 0.1548 0.1559 | 0.1569 1579 0.1590 0.1600 1611 0.0010 
1621 1631 0.1642 0.1652 0.1662 0.1763 1683 0.1694 0.1704 1715 0.0010 
1725 1736 0.1746 0.1756 0.1767 0.1777 | 1788 0.1798 0.1809 1819 0.0010 
1830 1840 0.1851 0.1862 0.1872 0.1882 1893 0.1404 0.1914 1925 0.0011 
1935 1946 0.1956 0.1967 0.1978 0.1988 1999 0.2009 0. 2020 2031 0.0011 


0.0011 
0.0011 
0.0011 
0.0011 
0.0011 


2041 2052 0.2063 0.2073 0.2084 0.2095 2105 0.2116 0.2126 
2148 2159 0.2169 0.2180 0.2191 0.2202 2212 0.2223 | 0.2234 
2255 2266 0.2277 0.2288 0.2298 0.2909 2320 0.2331 | 0.2342 
2363 2374 0.2385 0.2396 0.2407 0.2418 2429 0.2439 0.2450 
2472 2483 0.2494 | 0.2505 0.2516 0.2527 2538 0.2549 0.2560 


һә һә һә һә һә 


2582 2593 0. 2604 0.2615 0.2626 0. 2637 2648 0.2659 0.2670 2682 0.0011 
2693 2704 0.2715 0.2726 0.273 0.2748 2759 0.2771 0.2782 0.0011 
2804 2815 0.2827 | 0 2838 0.2849 0.2860 2872 0.2883 0.2894 2905 0.0011 
2917 2928 | 0.2939 0.2951 | 0.2962 | 0.2973 2985 0.2996 0.300 3019 0.0011 
3030 3042 0.3053 | 0.3065 0.3076 | 0.3087 | 3099 | 0.3110 0.3122 3133 0.0012 
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TABLE OF PYTHAGOREAN DIVISORS (continued) 


M |! 0.000 0.001 0.002 0.003 | 0.004 005 006 008 009 Diff. 

0.30 3145 0.3156 0.3168 | 0.3179 | 0.3191 | 3203 3214 3237 | 3249 0.0012 
0.31 3261 | 0.3272 | 0.3284 | 0.3296 | 0.3307 | 3319 3331 3354 | 3366 0.0012 
0.32 || 3378 0.3389 0.3401 0.3413 0.3425 | 3437 | 3448 3472 3484 0.0012 
0.33 3496 0.3508 | 0.3520 | 0.3532 | 0.3544 3556 3567 3 | 3591 3603 0.0012 
0.34 || 3615 0.3627 0.3640 | 0.3652 | 0.3664 3676 3688 3712 3724 0.0012 


0.35 ‚3736 0.3748 | 0.3761 | 0.3773 | 0.3785 | 3797 3810 | 3834 3846 || 0.0012 
0.36 | 3859 0.3871 0.3883 | 0.3896 | 0.3909 3921 3933 | 3958 | 3970 0.0012 
0.37 . 3983 0.3995 0.4008 | 0.4020 0.4033 4045 4058 | | 4083 | 4096 0.0013 
0.38 4108 0.4121 0.4134 0.4146 0.4159 | 4172 ‚4184 4210 | 4223 0.0013 
0.39 | 4235 0.4248 0.4261 | 0.4274 0.4287 | 4300 4312 | 4338 | 1351 0.0013 


0.40 4364 0.4377 0.4390 | 0.4403 0.4416 | 4430 4443 | 4469 4482 0.0013 
0.41 || 0.4495 0.4508 | 0.4522 0.4535 0.4548 4561 4575 4601 | 4615 0.0013 
0.42 4628 0.4641 0.4655 | 0.4668 0.4682 4695 | 4709 | 4736 4749 0.0014 
0.43 | 4763 0.4776 0.4790 0.4804 0.4817 4831 | 4845 | | 4872 4886 0.0014 
0.44 4900 0.4914 0.4928 0.4941 0.4955 4969 4983 | | 5011 5025 0.0014 


0.45 ‚5039 0.5053 0.5067 0.5081 0.5095 5110 5124 | 5152 | 3166 0.0014 
0.46 | 5180 0.5195 0.5209 0.5224 0.5238 | 5252 5267 5 5296 | 5310 0.0015 
0.47 5325 0.5339 0.5354 | 0.5368 0.5383 5398 | 5412 7 | 5442 5457 0.0015 
0.48 5471 0.5486 0.5501 0.5516 0.5531 5546 | 5561 5591 5606 || 0.0015 
0.49 5621 0.5633 0.5651 | 0.5666 0.5682 | 5697 | 5712 | 7 5743 | 5758 0.0015 


0.50 || 5774 0.5789 0.5804 | 0.5820 0.5835 5851 5866 5882 | 5898 | 5913 || 0.0016 
0.51 ‚5929 0.5945 0.5960 | 0.5976 0.5992 6008 | 6024 | 6040 | 6056 6072 0.0016 
0.52 6088 0.6104 0.6120 0.6136 0.6152 | 6168 6185 6201 6217 | 6234 0.0016 
0.53 | 6250 0.6266 0.6283 | 0.6299 0.6316 6332 .6349 6366 6382 | 6399 | 0.0017 
0.54 6416 0.6433 0.6450 0.6466 0.6483 6500 6517 6534 | 6551 6568 0.0017 


0.55 ‚6586 0.6603 0.6620 0.6637 0.6655 | 6672 6689 | 6707 | 6724 6742 || 0.0017 
0.56 | 6759 0.6777 0.6794 | 6812 0.6830 6848 | 6866 | 6883 | 6901 | 6919 0.0018 
0.57 ‚6937 0.6955 0.6974 6992 | 0 7028 | 7046 | 7065 | 7083 7101 0.0018 
0.58 | 7120 0.7138 7157 7176 0.7 | 7213 | 7232 „7251 7269 7288 0.0019 
0.59 | . 7307 0.7326 7365 0.7: | 7403 „7422 7442 7461 7480 0.0019 
0.60 | „7500 0.7520 5 7559 0.7: 7598 7618 7638 | 7658 7678 | 0.0020 
0.61 7698 0.7718 | 7: 7759 | 0.777 7799 | 7820 7840 | 1861 | 7881 || 0.0020 
0.62 | . 7902 0.7923 | 7965 0.7985 8006 | 8028 | 8049 8070 | 8091 0.0021 
0.63 8112 0.8134 5 8177 | 0 | 8220 | 8242 8263 | 8285 | 8307 || 0.0022 
0.64 8329 0.8351 | 373 | 8396 | 0.8 | 8441 8463 8485 8508 8531 || 0.0022 

















0.65 8553 0.8576 5 | 8622 | 0 5 8668 | 8692 | 8715 8738 8762 0.0023 
0.66 8785 0.8809 3: 8856 0 8904 8928 8952 8977 | 9001 | 0.0024 
0.67 .9025 0.9050 | 9099 0 9149 | 9174 9199 | 9224 9249 0.0025 
0.68 9274 0.9300 325 9351 37 9402 9428 9454 | 9480 9507 || 0.0026 
0.69 | 0.9533 | 0.9559 9586 | 0.9612 9639 | 9666 9693 | 9720 | 9747 9775 0.0027 
0.70 0.9802 | 0.9829 | 9857 0.9885 9913 | 9941 9969 
0.71 1.008 1.011 014 1.017 020 | 023 026 
0.72 1.037 1.040 .044 1.047 050 053 056 
0.73 1.068 1.071 074 1.078 081 084 087 
0.74 1.100 1.104 .107 1.110 ‚113 117 120 





9997 003 005 || 0.0028 
029 032 035 || 0.003 
059 062 065 || 0.003 
090 094 097 0.003 
124 127 130 0.003 











159 162 166 0.004 
195 | 199 203 | 004 
234 | 238 242 || 0.004 
276 280 | 284 || 0.004 
320 324 329 || 0.004 


.141 1.144 .148 151 
177 1.180 .184 188 
215 | 1.218 222 226 

.255 1.259 263 267 
297 1.302 306 311 


0.75 || 1.134 1.137 
0.76 1.169 1.173 
0.77 1.207 1.211 
0.78 1.246 1.251 
0.79 1.289 | 1.293 








343 | 1.347 
391 1.396 
443 1.449 
500 1.506 
561 1.567 


352 357 
401 406 
454 | 460 
512 518 
574 580 


0.80 1.333 1.338 
0.81 || 1.381 1.386 
0.82 1.433 1.438 
0.83 1.488 1.494 
0.84 || 1.548 1.554 


367 371 | 376 0.005 
417 422 | 427 || 0.005 
471 477 482 || 0.006 
530 536 | .542 0.006 
593 | 600 | 607 || 0.007 
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663 670 | 768 0.007 
740 748 756 0.008 
825 834 | 0.009 
921 931 0.010 
029 | 041 | 0.011 


.641 | 649 
.716 724 
.799 | 807 
891 901 
995 006 


0.85 | 1.614 1.620 
0.86 || 1.685 1.693 
0.87 || 1.765 1.773 
0.88 || 1.853 1.862 
0.89 1.952 | 1.963 


627 1.634 
701 | 1.708 
781 | 1.790 
872 1.881 
973 1.984 


089 2.102 
223 2.238 
381 | 2.399 
571 | 2.593 
807 | 2.834 
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0.90 2.065 2.077 
0.91 || 2.195 2.209 
0.92 || 2.347 2.364 
0.93 || 2.530 2.551 
0.94 || 2.755 2.781 


114 | 127 
253 268 
416 434 
614 | 636 
861 | 889 


154 167 | 0.013 
299 | 315 0.015 
472 491 5 0.018 
682 706 0.022 
948 | 979 | K 0. 029 
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189 | 3.290 j.i 3.299 3.341 
625 3.680 3.796 3.857 
299 | 88 * - )82 4.688 
523 | 709 | 141 397 


087 962 15.79 


110 3.146 
523 3.573 
137 | 4.216 
199 | 5.354 
858 | 8.407 


0.95 || 3.042 | 3.076 
0.96 | 3.429 3.475 
0.97 || 3.990 4.061 
0.98 || 4.925 5.056 
0.99 7.018 | 7.403 
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Fig. 1—Effect of cold-drawing and stress relief on mechani- 
cal properties of !5-in. dia, hot-rolled, resulphurized, 0.37 
per cent carbon-steel rounds. Fig. 2— Typical residual-stress 
distribution in a cold-drawn round, 0.45 per cent carbon 
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steel, 115 in. dia, reduced 20 per cent. L-longitudinal, 
T-tangential, R-radial stress. Fig. 3—Effect of increasing 
reduction on residual stress at surface of drawn wire; single 
drafts. Low reductions may result in compressive stresses. 


"=se Effects of Residual Stresses 


E. S. NACHTMAN 


Manager, Product Engineering Laboratory, LaSalle Steel Company 


COLD-FINISHING is a term used to describe various combi- 
nations of processes used to finish hot-rolled bar stock. Par- 
ticular sequence of operation depends upon requirements 
for subsequent fabrication. By appropriate selection of 
chemistry and cold-finishing sequence, many combinations 
of surface finish, dimensional tolerance, physical and me- 
chanical properties as well as carburizing, heat treating, and 
welding capabilities are made available in cold-finished bar. 

Cold-finishing may be classified into six basic operations 
(1) Cold drawing; (2) turning; (3) grinding; (4) polish- 
ing; (5) thermal treatments; and (6) straightening. These 
operations may be used in various combinations Represent- 
ative mechanical properties which are achieved by a com- 
bination of cold-drawing and subsequent strain-relieving 
are shown in Fig. 1. Table I presents information on the 
hardness, tension and torsion properties of cold-drawn or 
cold-drawn and ground bars as well as turned and polished 
or turned and ground bars of various steel compositions. 
However, the cold-finishing operations produce a residual 
stress pattern that affects: (1) the bar itself; and (2) the 
part subsequently manufactured from it 


F24 


Types and Measurements of Residual Stresses 


Residual stresses may be defined as those stresses which 
exist in a material not subjected to any external force. 
Residual stresses are associated with some type of non- 
homogeneity within a material Such nonhomogeneity may 
be brought about by cold deformation, heat-treatment, pre- 
cipitation. Thus, any operation which produces nonuniform 
displacement within the material results in stress pattern 
Residual stresses are elastic stresses and they can be obliter- 
ated by straining the material beyond the yield point. There 
are two types: macro (body) stresses; and micro (textural ) 
stresses 

Residual macro-stresses result from nonhomogeneous de- 
formation such as cold-drawing extending over large por- 
tions of the deformed body. Residual micro stresses result 
from deformation in local discrete areas of the material such 
as the atomic lattice or at a grain boundary, or the boundary 
between constituents having different mechanical properties 

The methods for measuring residual stresses measure es- 
sentially the macro stresses, and are only approximations of 
the actual stresses. In cold-finished bars where the residual 
stresses vary longitudinally, circumferentially, and radially, 
measurement is particularly complicated. In some instances, 
however, where the longitudinal stresses are considered to 
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Fig. 4—Residual-stress pattern obtained after drawing, followed stress-relief treatment at temperatures indicated. Same bar as in 
by rotary straightening. Same bar as in Fig. 2, from which original Fig. 2, from which dashed curve was taken. Fig. 6—Effect of 


L-curve 


(shown here dashed) 


is reproduced for comparison. stress relief at 900 F on yield strength of a cold-drawn 0.45 per 


Fig. 5—Longitudinal residual-stress pattern after drawing and cent carbon steel; CD—as drawn, SR—strain-relieved. 


... in Cold-Finished Steel Bars 


the per cent reduction of the bar cross section. Fig. 3 shows 


reflect the general situation with respect to stress distribu- 
tion, only stresses in this direction are measured 

The distribution of residual stresses in cold-finished bars 
is measured in two ways: (A) boring-out method; (B) de- 
flection technique. The boring-out technique is useful where 
information about all three principal stresses is desired. This 
method depends upon precise measurements of the dimen- 
sional changes as a solid cylindrical bar or a tube is carefully 
bored out from the center in a succession of small steps. In 
the deflection technique, the varying deflections of an origi- 
nally straight bar are measured as successive layers are re- 
moved from one of its surfaces. These deflections are a result 
of the residual stresses existing in the longitudinal direction. 
The method is, therefore, useful where residual stresses are 
to be measured in one direction only. 


Residual Stresses in Cold-Drawn Bars 


Cold-drawing is accomplished by pulling the pickled and 
lubricated hot-rolled material through a die. Such a defor- 
mation process results in a residual-stress distribution of the 
type shown in Fig. 2. In general, these diagrams reveal that 
the surface stresses are tensile whereas the center of the bar 
is in compression. 

This residual-stress distribution may vary depending upon 
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this variation in intensity of stress as the per cent reduction 
increases. Low per cent reductions may result in compressive 
stresses on the surface rather than the normal tensile stresses. 
The intensity of tensile stresses increases to some critical 
per cent reduction and then levels off, and with higher 


reductions decreases 


Residual Stresses in Straightened Cold-Drawn Bars 


Cold-drawn, round bars are generally straightened be- 
tween two revolving skewed rolls, one of which is ground 
with a concave face and the other with a straight face. The 
bars are fed through, and as they proceed they are plastically 
bent in all planes. This bending straightens the bar and, as 
shown in Fig. 4, also modifies the residual-stress distribution. 

The straightening operation effectively acts as a strain- 
relieving treatment with a resultant decrease in the level of 
stresses in the bar. The major affect is at the surface since 
the greatest plastic strain is introduced there. 

Straightening of cold-drawn bars also may be carried out 
by stretching. Stretching may reduce the longitudinal stresses 
by approximately 30 per cent and the tangential residual 
stresses by about 65 per cent. 

Press straightening is used also in straightening large 
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Fig. 8—Effect of cutting speed on result- 
ant stress values in 0.12 per cent and 
0.37 per cent carbon steels. 


Fig. 7—Resultant stress at a machined 
surface as a function of feed. Material is 
0.35 per cent carbon steel round bar. 


cold-finished bars. The local bending which produces a 
straight bar also introduces randomly modified residual 
stresses in the cold-drawn round bars. 


Effect of Strain-Relieving on Residual Stresses 


Cold-drawn bars may be strain-relieved at temperatures 
below the lower critical temperature to achieve desired 
physical properties, relieve stresses and modify the yield to 
tensile strength ratio. Fig. 5 shows the effectiveness of strain- 
relieving at two different temperatures with respect to 
lowering of residual-stress intensity. The higher temperature 
results in a lower level of the locked-up stresses. 

Equally important are the changes in the shape of the 
stress-strain curve brought about by thermal treatment. As 
shown in Fig. 6, the as-strain-relieved curve SR shows an 
increased elastic range as compared with the as-drawn con- 
dition CD. The ratio of yield strength to tensile strength is 
raised at the same time. By properly varying the temperature 
and duration of the subcritical thermal treatment, it is pos- 
sible to modify the tensile-yield ratio, and improve elastic 
properties, while substantially retaining the original tensile 
strength of the cold-drawn carbon steel bars. 


Residual Stresses in Turned Bars 


A machining operation may introduce residual stresses of 
various characteristics depending upon machining condi- 
tions (bar and tool material, lubricant, speed, feed, tool 
angles). Tensile stresses are produced on the surface of 
carbon-steel bars during cutting even when light cuts are 
taken 

The variation of stress on the surface with varying feeds 
is shown in Fig. 7. Fig. 8 indicates the effect of changing the 
cutting speed on the resultant stress at the surface of the bar 
being machined. In all instances, tensile stresses are indi- 
cated on the surface of the steel bars 


Residual Stresses in Ground Bars 


Hot-rolled bars, ground on centerless grinding machines, 


will have a residual-stress distribution which, as in turning, 
is influenced by the grinding conditions, speed, feed, and 
tool angle, as well as bar chemistry 
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Available information indicates that tensile stresses are 
produced in a superficial layer, the depth varying from 
0.0001 to 0.003 in. Fig. 9 shows a typical distribution of 
residual stresses in a ground mild-steel bar. 


Residual Stresses in Polished Bars 


Polishing of bar stock may be accomplished using two 
roll machines similar to those used for straightening. As the 
bar passes through the revolving two rolls, the surface is 
burnished. The surface is plastically strained far in excess 
of the center of the bar. Thus, the effect on the surface 
residual stresses should be pronounced. 


Residual Stresses in Heat-Treated Steel 


Cold-finished bars are frequently heat-treated either before 
or after the cold-finishing process. Such treatment produces 
residual stresses. If heat-treated cold-finished bars are fur- 
nished, the stresses arising from heat-treatment are subse- 
quently modified by the cold-finishing operation. 

The residual stresses associated with heat-treating are in- 
fluenced by the chemistry of the steel, solution temperature, 
quenching medium, and heat-treating cycle. For example, 
after heat-treating a high-manganese tool steel, the surface 
stresses are tensile and high, extending for some depth into 
the material with a rather sharp stress gradient. 

The effect on stress intensity of tempering a plain 0.50 
carbon heated-treated steel is shown in Fig. 10. This indi- 
cates that either compression or tensile stresses may be pro- 
duced on the surface of a bar after heat-treatment. Subse- 
quent tempering treatments may then produce surface 
stresses varying from 3,000 to 16,000 psi. 


Some Effects of Residual Stresses on 
Manufactured Parts 


Parts fabricated from cold-finished bar stock are processed 
in many ways. These include: machining, heading, heat- 
treatment, carburizing, straightening, plating, and others. 
The process will generally modify the original residual-stress 
distribution or may introduce new stresses. The relationship 
between the original stress distribution and the effects of 
subsequent processing is important in explaining phe- 
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Table I 


TENSION PROPERTIES 


Yield 
strength, 
psi 


Reduction 
of area 
per cent 


| Brinell 


hardness 


strength, 


| 
| Tensile 
| psi 


Symbol 


Cold-Drawn, or Cold-Drawn and Ground 


C1010 
C1117 
C1045 


129 
156 
202 


60,000 


79, 
102,500 


54,200 
75,000 


93,450 


500 


Turned and Polished or Turned and Ground 


C1010 
C1117 
C1045 


107 44,800 
132 64,790 
187 | 87 


31,400 
44 , 000 


000 54,100 


Depth of grind 


—20.0003 in 


0029 in 


stress, 


dua 


Res 











012 


epth of stressed layer, in 


Fig. 9—Residual stresses in the surface layer of a ground 
mild-steel bar for two different depths of grind. 
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— snc 
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Fig. 10—Reduction in surface stress in heat-treated by 
tempering 0.50 per cent carbon steel. 
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B MECHANICAL PARTS AND DESIGN ANALYSIS 


Typical Physical Properties of Standard Carbon Steels in l-in. Rounds 


TORSION PROPERTIES 


Degrees of 
Twist 
elastic 

in 10 in 


Degrees of 
Twist 
maximum 
in 10 in 


Elastic 
shearing 
stress, psi 


| 
Elongation | Modulus 
) 


in 2 in., of Rupture, 
per cent psi 


58,000 
68,400 
86,400 


29.400 
36,500 
36,800 


56,000 
67,690 
85,900 


19,600 
24 
35,600 


2220 
1664 
1740 


500 


nomena attributable to such stresses. Some of the charac 


teristics influenced are 


Strength Properties. Such the ultimate 


strength or ductility of a part are not altered significantly 


properties as 


by residual stresses. The yield strength, however, is modified 
to a considerable degree as shown in Fig. 6. The change in 
yield strength described here is brought about by strain- 
relieving. The proportional limit is similarly affected 

Fatt! 


the nature of fatigue in fabricated parts, this phenomenon 


ue. Although considerable work has been done in 


is still not well understood. It is, however, generally believed 


that compressive stresses which increase the apparent 
strength of the surface undergoing fatigue will benefit the 


life of the part 


Cracking. High levels of residual stresses associated with 
stress raisers (notches, segregation, etc.) will cause cracking 
Thus, the residual stresses should be kept low and the stress 
raisers removed by appropriate design or material specifica 
tion. If 


degree of tolerance for stress raisers is possible 


Mac! 


is machined during the fabrication of finished 


ow levels of stress can be maintained, a highe 
| levels of str I nt 1 higher 


inability. A high percentage of all cold-finished bars 
The 


residual stresses in material being machined, if not con 


parts 


trolled may cause poor tool life because of seizure. The part 


may "close" on the tool, accelerating tool wear. In extreme 


instances, such seizure may result in tool breakage, for 


instance, during drilling 


Tolerances. Similarly tensile or compressive stresses may 
upset size or dimensional tolerances as the material is non 
uniformly machined or processed 


Corrosion. Surface residual stresses, particularly tensile 


and 


stresses, accelerate attack by corrosive atmospheres 
environments. Low levels of stress may improve the cor 


rosion resistance of materials 
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From: McGraw-Hill Digest* * Howard Foundry Co. Bulletin** 


Design of Castings 
To Reduce Production Costs 


* You Can Cut Foundry Costs. Published in the McGraw 
Hill Digest (now Management Digest), July 1954, pg 30. 





Section A-A 
ORIGINAL 


Section A-A 
REDESIGNED 


Fig. I—Pad design. Separate cores needed to mold the 
original pad design increased foundry costs. Redesigning 
the pad contour produced a cleaner, sounder casting with 
out the need for cores. Small additional metal would not 
affect weight, even if weight reduction is an objective. 


سەد 


Core Sh 


NN 


Section A-A 
ORIGINAL 


SectionA-A 
REDESIGNED 


Fig. 2—Simplified ribs. Keeping rib design simple lowers 
the casting cost. The original T-shaped rib required pasted 
ram-up cores. The redesigned heavier plain rib does away 
with coring and cleaning within the foundry, lowers pro- 
duction time, and is just as efficient as T-shape. 


** How to Lower Production Costs of Sand Mold Castings by Edward W. Moir, 
Superintendent, Pattern. Shop Division, Howard Foundry Co., Chicago, Ill 


Added meta/ 


\ 
\ 


External х 
porting line, 


External 
porting line 
zs 4 


. Infernal — - 
core 


і AAA 

Relief core” Finish stock 
ORIGINAL 

Fig. 3— Core design. Lower pattern and casting costs must 
be weighed against higher machining costs. The original 
design required an internal core, a relief core, and a wedge 
core. Redesign added extra finish stock but eliminates the 
relief and wedge core. Internal-core is easier to seat and 
set in position. 


| Foce core 


ORIGINAL 


REDESIGNED 


Foce 
core 


REDESIGNED 
Fig. 4—Core support. Original design requires extra large 
core print to balance core which, even so, does not hold 
core perfectly. Casting redesign to permit a 44 in. hole in 
the end seated the core in a positive position. Core print 
size could be reduced and the core still held firmly. 
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Design of new castings or redesign of old ones to 
cut production costs may be accomplished by: 

1) Avoiding core designs that make foundry pro- 
duction difficult. Do not use cores if a substitute 
design is possible. 

2) Two-seat positions for large cores will avoid 
balancing problems. 

3) Use two castings of simplified design in place 
of one casting of more complex design. 

4) Simplify rib design. 

5) Do not use, if possible, loose draw-back pieces 
that are used to prevent tearing of the sand when 


Riser plug 


Loose piece Added meto! 


Parting line 
^ 


Fig. 5—Added metal. Original design has a small but 
troublesome undercut. To mold the undercut loose draw- 
back pieces are required. The addition of a small amount 
of metal eliminates the loose pieces. Better production is 
obtained and sand cannot fill in or “tear out.” 
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Finish Stock Finish stock 
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ORIGINAL 
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drawing the pattern from the mold. This construc- 
tion is expensive. If possible, do not use separate 
set-in cores. 


6) Consider casting feeding, especially of thin- 
wall castings, to avoid rejects from metal shrinkage. 


Some of the molding problems caused by design 
are shown in Figs. 1 to 8. These are not design 
errors since the parts can be produced in a foundry, 
however, they do add materially to the cost of the 
casting. A simple design change may avoid foundry 


delay and reduce casting cost. 


Section A-A 


Fig. 6—Metal feeding. Thin wall castings often present 
feeding problems. Extra stock may be added to help cast a 
heavy metal pipe line against a thin metal wall. Without 
the added metal, there is no adequate way to feed molten 
metal and prevent shrinkage in a critical area. 


hy | 


ORIGINAL 


REDESIGNED 


Fig. 7—Undercuts on outside diameters. Original design 
requires a core to mold upper overhang and deep wall 
radius. Redesigning permits straight wall to top of casting 
and shallow lower wall radius. Cost of casting is appreci- 
ably lowered. Redesign does not affect use of casting. 


Fig. 8—Separate castings. Redesign of bell housing simpli- 
fies a difficult casting. Originally special cores to prevent 
damage to the sand mold during pattern drawing were 
needed. Now, chamber and cover are cast separately from 
the bell housing. Casting operation is simpler and pro- 
duction cost is lower when only pad is cast on housing 





Selecting Vibration Isolators 


RUSSELL LOWE, ASS’T CHIEF ENGR., 
BARRY CONTROLS INCORPORATED 


DESIGN PROCEDURE 


l. Locate approximate center of 
gravity of equipment to be isolated. 

2. Determine location of the isola- 
tors on the equipment (see illustra- 
tions). For optimum isolation and 
prevention of coupled resonance, iso- 
lators should be located in a plane 
passing through the center of gravity 
of the equipment. A further refine- 
ment is to make distances x and y 
equal to the radius of gyration about 
their respective axes. 

3. Measure or compute static load 
uw on each isolator position. 

i. Measure the disturbing frequency 


f (usually equal to operating speed of 
machine). 

5. Determine the desired vertical 
natural frequency f, of isolated sys 
tem. The ratio f/f, should be as large 
as possible with a minimum value of 
2.5. Since disturbing frequencies are 
usually 1,800 rpm (30 cps) or above 
most isolators are designed to produce 
a natural frequency of 8-10 cps at 
rated loads. 

The natural frequency can be com- 
puted from the equation: 


1 Ка 
E = \ 
2r w 


where K is the spring rate of isolator 
at load w, and g is the acceleration of 
gravity. 


FIG. 1— Cushion of woven wire acts as a resilient load- 
carrying spring and has good damping characteristics. Par- 
ticularly adaptable for the mounting of sensitive electronic 
equipment in cramped spaces. Load range: 34 to 214 Ib; 
effective isolation at disturbing frequencies of 40 cps or 
higher. Robinson Aviation Inc. 


range: up to 45 Ib; / 
turing Co. 


lO cps (approx.). Lord Manula 


FIG. 4—Grommet-type small isolators used on fans, phono 
graph turntables, instruments. Inexpensive and easy to in- 
stall. Material: neoprene; durometer hardness influences its 
spring constant. Available in several degrees of hardness. 
FIG. 2—Lightweight motors, instruments and controls can Load range: up to 120 lb. The MB Manufacturing Co., Inc. 
be easily installed with isolators composed of stubs bonded 
to rubber. Rubber is in compression in x-direction and in 
shear in y-direction. Load range in y-direction: up to 414 |b; 
f,—8 cps at maximum load. Barry Controls Incorporated. 


FIG. 5—For isolation of lightweight instruments and elec- 
tronic equipment especially in aircraft. All-metal construc 
tion permits operation under high temperatures. Damping 
is obtained by a knitted stainless steel wire core. Load 
range: up to 3 Ib; f 
trols Incorporated. 


FIG. 3— Equal stiffness in all directions is obtained by rub- 8 cps at maximum load. Barry Con- 
ber mount strained in shear when loaded in any direction. 
Used for isolation of instruments subiected to significant 


disturbing frequencies in more than one direction. Load FIG. 6—Outer cushions of knitted monel wire restrict de 


Product Design Digest Issue 





F MECHANICAL PARTS AND DESIGN ANALYSIS 


Five-point design procedure for the general case of disturbing amplitudes in the vertical direction. 


Eleven typical isolators covering loads from ounces to tons and employing woven wire, rubber in 
shear and compression, conical springs with air damping, and combinations of wire mesh and springs. 


tr 


IMPR 
— 


flection while stainless steel spring and inner cushion give 
non-linear spring characteristics. Used on lightweight ma- 
chine tools and laboratory equipment. Load range: up to 
130 1b. Robinson Aviation Inc. 


FIG. 7—Conical spring provides necessary resilience while 
air damping is obtained by air forced through small orifices 
in bellows during vibration of isolator. For light airborne 
electronic instruments. Load range: up to 35 Ib; f, — 8 cps 
(approx.). Barry Controls Incorporated. 


FIG. 8—Industrial machinery mounting has adjustment for 
leveling and alignment. Uses a stainless steel wire mesh 
without springs. Applications are in machine tools the 
operating speed of which is 1,750 rpm or higher or 350 
strokes per minute or less. Lagging to the floor is unneces 
sary. Load capacity: up to 4,000 lb. Robinson Aviation Inc. 
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Fig. lI 


FIG. 9—Channel-type rubber mounts have load range up to 
{00 lb depending upon length of channel which varies from 
1 to 8 in. Typical applications are light stationary engines 
and machine tools, compressors and commercial refrig- 
erators. Lord Manufacturing Co. 


FIG. 10—Vibration mount, designed to stress rubber in 
both shear and compression when loaded, has almost equal 
spring rate in all directions. Load range: up to 1,000 Ib. 
Used on combustion engines and heavy electronic equip- 
ment. Tbe MB Manufacturing Co., Inc. 


FIG. 11—Heavy-duty mount for machine tools has load 
range up to 13,000 Ib and can be adjusted for leveling. 
Does not require lagging to floor even when used under 
heavy presses. Machines can be easily relocated for optimum 
work flow; f. 10 cps at max load. Barry Controls Inc. 
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From: Modern Machine Shop 


Shifter Designs for 
Sliding Components 


FRED ROGERS 


Gears, clutches, valve mechanisms, index plungers, lock bolts are but a few of 


the many components that require shifting. To a large degree these components 


depend upon shifting shoes, rollers, rings or yokes for motion. Classification of 


shifting methods are: 1) where an oscillating movement of the fork causes lateral 


movement of the part to be shifted; and 2) where the combination of the yoke 


and shoe is moved parallel to the shifted member. 


Fig. 1—Radiused rectangular steel bar contacts the 
spool flanges on one side only. Bar pivots on a shoul- 
dered screw. Handle end of bar rests in a housing wall 
slot. A detent may be added to hold bar in engaged or 
disengaged position while taking thrust of spool. 


Fig. 3—Shifting may be done by two diametrically 
placed pins. The pins may be staked in yoke, or they 
may be screwed into spool. Latter method necessitates 
a slide fit of the yoke in a slot in the shifting lever since 
the center of the sleeve moves in a straight line. 
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Fig. 2—Cast forked lever makes contact on two sides 
of the spool. Method is for light work and where longer 
spool movements than can be obtained in Fig. 1 are 
required. The longer the movement of the spool, the 
more circular should be the contacting lever surfaces. 


Fig. 4—Crowned rollers are used for heavy work and 
friction-free shifting effort. Flat face rollers are not rec- 
ommended since flange surface speed increases from the 
center outward causing slippage and wear. To prevent 
binding, roll diameter is slightly less than groove width 
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Fig. 5—Square and rectangular shaped block shoes 
are used for shifting gears and clutches. One- and two- 
diameter pins are used. One-diameter pin is staked to 
yoke ear. Shouldered pin controls clearance and counter- 
bored block prevents loss of shoe in assembling. 


Fig. 7—One piece yoke and shoe. Unit moves parallel 
to the shifted element rather than pivoting about a 
center. Cross sections of shank between the hub and 
shoe of fork should be proportioned to resist excessive 
lateral deflection. Shoe covers a 90 deg arc on the spool. 


Fig. 9—Shank used as shoe to engage spool cut in hub 
of gear to be shifted. Shoe end contact with spool is 
90 deg. Shank and shoe material is soft. Operating in an 
oil bath method is satisfactory for light work. Shank is 
she vn welded to hub but other methods may be used 
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Fig. 6—Curved shoes are used with large diameter 
shifting spools requiring short lateral movement only. 
Spool must be set so that the sliding distance of the 
shoes perpendicular to their lateral displacement is the 
same above and below the horizontal center line. 


Fig. 8—Welded yoke and shoe for shifting a gear 
cluster. Hub and shoe are welded to a shank. Clearance 
between sides of gear teeth and shank is required to 
avoid rubbing action. Material is soft and operating in 
an oil bath will give satisfactory service for light work. 


Fig. 10—Compact arrangement that may be suitable 
where clearance space between shifter rod and spool is 
small. Provision for preventing shifter rod from twisting 
may be desirable to avoid shoe binding on bottom of 
spool groove or shoe may be curved to hit groove. 
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Fig. 11—Straddle type shifting shoes for gear clusters. 
Either the shoe should be undercut or sides of gear teeth 
relieved to avoid contact. A straddle shoe may be used 
over a cluster of gears or over a flange depending upon 
available space. As shown shoe pivots on pin in shank. 


Fig. 13— Thrust or shifting collars offer 360 deg bear- 
ing area. Forked shifting lever engages trunnion mounts. 
Split collar permits assembly over spool flange. Collar 
fits sides of the single flange of the shifting member. 
Drilled hole in trunnion is for oil or grease fitting. 


Fig. 14—Solid shifting collar 
Hub of element being shifted 
is grooved to receive a split 
bronze ring. Ring is placed in 
hub groove and the shifting 
collar is fastened with socket 
head cap screws. Collar bore is 
1/64 in. oversize for freedom 


бакч 
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Fig. 12—Compact straddle type shifting design. Rack 
teeth cut integrally mesh with a pinion. Pinion is shaft 
connected to a crank rod riding a quadrant with posi- 
tioning stop pins outside the machine. Gear to be shifted 
has angularly relieved teeth. Large motions are possible. 


Fig. 15—To minimize sliding friction between shoe 
and spool, ball bearing may be used in shifting collar. 
Precautions must be taken to ensure a dustproof and 
well lubricated assembly. Deep groove or angular contact 
bearings are used to absorb thrust in one direction. 
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Nomogram for Parabolic Cam 


With Radially Moving Follower 


RUDOLPH GRUENBERG 


THE DEVELOPMENT of theoretically correct cam profiles is 
often complex and time consuming. In applications having 


neither high speeds nor forces, such efforts are unwarranted 
In these applications, parabolic or gravity cams are usually 
adequate 

The 


efficiency of 


operating a cam-mechanism depends 
predominantly on the pressure angle. Since it is a measure 
of the 


greatest side 


thrust on the follower arm, the maxi 


3 
Max. pres 
angie 
deg 
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Fig. | Above—The thin outer sections (A) have the same moment 
of inertia about the X-X axis. All of the sections (B) have the 
same resistance to bending as the thick center section. 


Strength, stiffness, oreo, per cent 


Horizontol 

tiffness 
Fig. 2 Right—Effect of depth of section upon strength, area 
and horizontal stiffness, keeping vertical stiffness constant. 
All of the sections have the same bending resistance, but 
strength decreases as area is reduced. 
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Design Consultant 
Lincoln Elec ric Company 


IN DESIGNING FOR STRENGTH or stiff- 
ness, machine structural elements must 
withstand tension, compression, bend- 
ing and twisting loads. These loads may 
occur individually or in combination 
W'elded steel construction permits thc 
placing of material where it is most 
beneficial in meeting the requirements 
of strength and stiffness. 

Of the four types, bending and twist- 
ing are the more complex. The placing 
of the steel in welded machine ele- 
ments to decrease bending and twisting 
can improve the function and life of 
the machine as well as reducing the 
cost. The following rules should help 
in placing the material of the right 


amount in the correct place 


Rules for Bending 


To use the minimum amount of steel 
to resist bending: 

1. Place flange material as far as 
possible from neutral axis and connect 
Hange areas with web material 

The shape of a section, especially 
with respect to the location of material 


about its neutral axis, is most 
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impor- 


tant in using steel effectively to resist 
bending moments. Fig. 1 shows how 
the location of material determines the 
amount required. The section in Fig. 1 
is divided into ten areas, all having the 
same bending resistance or moment of 
inertia about the neutral axis of the 


The 


section indicates its resistance to bend 


section moment of inertia of a 
The thin outer area at the top and bot- 
tom of the section accounts for 10 per 
cent of the bending resistance of the 
whole section. However, the entire 
center section, representing about 14 
times as much material, has the same 
bending resistance 

Therefore, to place material most 
effectively to resist bending, put it in 
flanges as far as possible from the neu 
tral axis. Fig. 1 also shows the ten areas 
of the section projected as flanges. All 
of these sections have the same bend 
ing resistance. As the depth of the sec- 
tion is increased, the required area of 
the flanges becomes less. This would 
seem to indicate that deep, thin sec 
tions are the best for maximum bend 
resistance and low weight 

2. Do not reduce area below strength 
or horizontal stiffness requirements 
mect a 


In designing a member to 


certain bending resistance with the 


least amount of material, practical 


considerations limit how far sections 
should be reduced 

All of the sections in Fig. 2 have the 
same bending resistance, and, as the 
depth of the section is increased, the re 
quired area decreases. But, the strength 
of the section is also decreasing with 
an increase in section depth 

Some of this loss in strength may be 
tolerated, since usually in a rigid de- 
sign, the member is much stronger 
than it needs to be. For example, if the 
strength can be reduced 50 per cent, 
then the section can be made 200 per 
cent of the depth of the initial square 
section, with an area of only 25 per 
cent. The only objection to this new 
section is its bending resistance in the 
horizontal direction is almost zero 

Good design practice, to avoid this 
difficulty, assumes a certain horizontal 
force along with the given vertical 
load on a beam. This leads to the use 
of flanged sections which will not be 
too flexible or weak in the horizontal 
direction. The flanged sections in Fig 
3 all have the same bending resistance 
Here again, as the depth is increased, 
The 


strength also becomes less. The diffe: 


the required area decreases. 


ence between these sections and those 
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Fig. 4 Left—Simpler joints 
with equal strength and de 
flection are possible if 
placed at low stress points 
(A) Mechanical end con- 
nection at point of high 
bending moment. (B) Me 
chanical connection at point 
of inflection. 


Fig. 3 Left—Effect of depth 
of section upon strength, 
Area g. ~ area, and horizontal stiff 
ness, keeping vertical stiff- 
ness constant. Flanged sec- 





tions increase horizontal 
resistance to bending 


of Machine Structural Elements 


in Fig. 2 is the area drops off at a faster is that the horizontal bending resist In fabricating sections to meet both 
rate with the same reduction in ance is 9 per cent instead of zero. By strength and bending requirements 
strength. Again, if a 50 per cent reduc choosing this section, which makes use with a minimum amount of steel, cer 
tion in strength can be had, the depth of flanges, instead of the simple vertical tain values of moment of inertia (I) or 
of the section can be 200 per cent of member, less material is needed for the section modulus (Z) must be supplied 


bending resistance and strength by the section area. Table I illustrates 


the initial square section, but the re same 
quired area is only 9 per cent compared [he horizontal bending resistance is the area required for nine different 


to 25 per cent. Another important fact ilso much greater typical sections, each having a moment 


Table I—Area Required in Different Sections for lable 1i—Comparison of Calculated with Actual Angle 
Equal Bending Resistance of Twist to Illustrate Greater Accuracy Using Torsional 


Resistance, R, as Against Polar Moment of Intertia, J. 
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Fig. 6—A flat member has greater 


resistance to bending than to twist 


ing when cantilever supported 


Fig. 5— Recommended section to resist torsion. Open 


sections are the poorest type for torsional loading. 


Closed circular ѕеспопѕ gIVE uniform 


of inertia of I 
modulus of Z 20 in 
When conditions require equal prop 


Ls : 
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1 


horizontal axis and vertical 
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Ding 


AXIS, the 
square tu is best for stiffness with 
the round tube running a close second 
For strength tl ind tube requires 
the least area, th the square tube 
second 


2. W eld 


supporting members to gr 


beams rij 


ends of idly into 
strength and 


Che 


be great 


stifiness 


bx am are 


of a beam 


pport 


та 


ends and < concentrate 


ion of 


can be re luce I t 


bx 


detect 


bending 


Cw ice 


ment р: zero 


along 
the lengtl 
points are called points of 


Because 


These tw 
inflection 


bending ioments of these 


OINntsS are 


almost zero, a nt at this 


I 
| 


»osition. does not ich. weld 
Ing, 


} 


sneal 
fabricate beams 
sections so that 
can be drastical у гє 1 CC 

The application of these principles 
in machine design is shown in Fig. 4 


This cross-supportin 
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br icket must be 


shear 


stress. 


removable, yet, when in place, must be 
very rigid. By fixing the ends of the 


beam into the side members with a 


rigid end connection, the beam will be 
i to 5 times more rigid than it would 


be if only simply supported. A me- 


chanical end connection at this point 
of high bending moment would be 
cumbersome, Fig. 4 (A) 

1 


By welding 
the ends directly to the sides of the 


base, as in Fig. 4 (B), and making the 


joint at the point ot inflection, only a 


single bolt is required to hold this sec 
tion in place, the main shear load being 


taken by the small clip welded to the 


bottom of the cantilever section of the 


beam. This type of construction would 


give the same results as a continuous 


beam welded directly to the sides of the 


base without any 


joint 


Rules for Twisting 


To use the minimum amount of 


1 
steci to 


| Usc 


resist twisting 


closed sections where рО$- 
sible in design. 

It has been found through mathe- 
matical analysis as well as experimental 
testing that the torsional resistance of 
open structural sections made up of 


rectangular areas 15 


approximately 
equal to the sum of the torsional resist 
ances of the separate areas. This means, 
for example, that the resistance of an 
I-beam to twist is equal to the sum of 
the torsional resistances of the web and 
two flanges. Table II list the results of 
mathematical analysis and experimen- 
tal testipg to show this principle 


Fig. 7—Conventional cross 


ribbi 


offers the least resistance to twistir 
Each cross rib acts as a flat piece. 


The 


plate, therefore 


torsional resistance of a flat 


would be approxi 


mately the same whether it was used 


as such or formed into an angle, chan 
nel section, or other section. Samples 
of different sections, made 


subjected to torsion 


of 16-gage 
The 


У deg The same 


steel, were 


flat section twisted 
into a channel 
When rolled into an 
open tube, it twisted 11 degree 


W hen, 


was made into a closed section by plac 


piece. ot steel formed 


twisted 9.5 deg 


however, this same section 


ing a single tack weld in the middle of 


the open seam, the torsional resistance 


increased 50 to 100 times 
When the tube becomes a closed sec 
distrib 


tion, the torsional stresses are 


total area, 
load. The 


tubular round section, there 


uted more evenly over the 


thus permitting a greater 
solid or 
fore, is best for torsional loading since 
the shear stresses are uniformly loaded 
around the circumference of the mem 
ber. Next to a tubular section, the best 
section far resisting torsion is a square 
or rectangular tubular section 

The greatest shear stress on any flat 


The 


center of 


surface occurs along the middle 
flat surface closest to the 
gravity of the section has the greatest 


The 


gravity 


shear stress further away from 


the center of of a rectangular 
section, the lower is the shear stress 
As a result, in the square tubing, the 
greatest stress occurs in the middle of 
each of the four sides, with a lowes 
stress at the corners. The more this sec 


tion resembles 


a rectangular section, 
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Fig. 8—Examples of diagonal bracing used to 
resist twisting. (A) Frame for a farm combine 
(B) Lever of a packaging machine 


the more stress concentration there will 
be in the middle of these wide flat sur- 
faces. 

The 
loading, Fig 


poorest sections ror torsional 


would be any of the 
flat 


angle iron, channel section, Z-bar sec- 


following open sections plate, 
tion, T-bar section, I-beam section, and 
an open tubular section 
The principles of torsion which de- 
the best section for 
apply 
As the 


section is approximately equal to the 


termine resisting 


twisting equally to built-up 
frames torsional resistance of a 


total of the resistance of its individual 
of a 


frame approximately equal to the total 


areas, so is the torsional resistance 


resistance of its individual 


The 


whose le ngthw ISC 


sections 


torsional resistance of a frame 
members are two 
channels would be approximately equal 
to twice the torsional resistance of each 


The 


these side members for purpose of this 


channel section listance between 


example is considered to have no effect 


Since the tubular is best for 


section 


resisting twisting, the torsional resist 


ance of this frame could be greatly in- 
creased by making the channels into 
rectangular box sections through the 
addition of plates 

2. Use diagonal bracing to increase 
torsional resistance of frames 

A flat strip of steel has little resist 
ance to twist, Fig. 6. But, this same 
piece of steel when set on edge is ex- 
tremely resistant to bend. The torsional 
rigidity of this section, ER, is equal to 


the modulus of elasticity in shear times 
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the torsional resistance of the member 
he flexural rigidity, El, is equal to the 


modulus of elasticity in tension time 


he moment of inertia of the member 


In the first instance, the torsional 


resistance of the member 


depends 
mainly upon the cube of the thickness 
of the thickness 


member; since this 


an inch, the cube 


may be a fraction of E 
of this dimension becomes very small. 
However, the moment of inertia of this 
section depends mainly upon the cube 
which 


of the depth of the section, 


would be several inches and becomes 
a very high value. 

[n the second instance, the modulus 
of elasticity in shear is much less than 
the modulus of elasticity of the mate- 
rial in tension. 

As an example, the torsional rigidity, 
ER, oi a l5 in. x 1 

(00,000; while its flexural rigidity, 
EI, wou 2.160,000,000, or 


HUU times 


in. plate would be 


ild be about 


better in bending than in 


torsion. 
This principle affects the rigidity of 


a machine base when the base is 


twisted. A base with conventional cross 


provi les the 


Fig 


rib acts the same way as the flat piece 


least resistance to 


1 
ih hine 
ripping 


TWIST, This is because each cross 


of steel subjected to a torsional load. 


More efficient use of steel ribbing to 
resist twisting could be realized if the 
steel strip were placed in bending. To 
do this, the steel must be placed to take 
idvantage of the internal for 


resist bending and twist 


Machine 
therefore, should be 


Ing 
members, such 
braced at 


to resist twisting with 


ciency. By putting bracing at 


1 


the bracing is now subject bending 


rather than twisting forces. Therefore, 


when designing a base to resist twist 


ing experience in designing the 


wise side members for bending is now 


used to design these diagonal members 


Tests have been made on scale nx d 
} 


els of typical machine bases to show 


the increase in resistance to twist as a 
It of the diagonal bracing 


A base 


bracing at 90 deg to the side members 


using conventional cross 


under a given torsional load twisted 9 


deg. A base having diagonal braces at 


iS deg with the side members twisted 


less than 1/4 deg. It is approximately 


50 times as resistant to twisting as the 


previous base, yet it uses ( per cent 
less bracing material 


The bracing used on a self-propelled 
T A) 


from a 


farm combine is shown in Fig 


The lever shown in Fig. 8(B 
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packaging machine uses 


ing to give it sufficient we 


with very light weight 


3. Make end 


increase torsional resistance 


connections fig 


When a member having a nonci 
lar section is twisted, the cross secti 
do not remain plane but warp. It 
assumed that these sections are free 
The 


not only twist, but they als 


warp. flanges of these members 
wing Out 
ward. If the ends of the flanges can be 
locked in place in relation to each 
other, this swinging will be prevented 
and the twisting resulting from this 
initial bending of the flanges will be 
greatly reduced 

several methods 
The 


the end of the member 


The re are 


the flanges together simplest is 


where 


IS con 
pletely welded to the supporting mem 
ber. If the supporting member is not 
thick enough or rigid enough, then a 
thin, square plate may be welded to the 
two flanges at the ends of the member 
Another method would be to use diag 
onal braces between the two flanges at 


the two ends of the member 


Summary 


[o use steel more tivel 
sisting bending, place flange mat 
as far as possible from the neutral axis 


and connect the flange areas with some 
sort of web. However, in reducing the 
area of 


] ] 


GQUuced 


the section, it must not be re 


below strength or horizontal 


stiffness requirements. Flanged sections 


provide strength in the horizontal di 


rection square tubing gives stiffness 


about the horizontal and vertical axis 


If the ends of beams are welded 


rigidly into members, its 


supporting 


strength and stiffness are greatly 


creased, thus 


permitting the use of 


smaller sections. Rigid have 
inflection points of little 


which point 


most ecom mically 


moment at joints can be 


made 
with 


resist twisting 


] 


minimum 


sections, either round 


rectangular, wherever 
Diagonal 


1 
ribs 


pos 


bracing, rather than 


cross will increase resist 


to twist with only a fraction of 


the amount of steel. If end connections 


a non-circular section 


resistance to twist 
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Balancing Pivoted Parts 


Subject to Impact Forces 


BURTON PAUL and MELVIN ZAID 


Bulova Research and Development Laboratories, Inc 


DESIGNERS OF machine elements are frequently required to 
proportion pivoted members that are subjected to an impact 
force. The problem is to distribute weight in the swinging 
member in a manner such that the pivot will receive no 
shock. A few examples that fall into this category are bal- 
listic pendulums, impact testing machines, escape mecha- 
nisms and swing hammers. 

Any machine element that revolves about an axis not 
passing through the center of gravity of the element can be 
proportioned so that the force of an impact is not trans- 
mitted to the axis or point of suspension. When such a 
design is achieved, the point of impact is known as the 
center of percussion 

Frequently in the design of some parts that are suspended 
from pins, weight distribution to relieve impact on the 
pivot has been overlooked because attention has been cen- 
tered on the fulfillment of design requirements for some 
primary function. It is generally possible, however, to cor 
rect such faults by merely adding concentrated weights at 
suitably located points 

The accompanying chart facilitates the determination of 
the proper weight Q that must be added at any given dis 
tance x from the pivot point. Similarly, the correct location 
of a given weight can be determined. 

Let the machine element be characterized by the follow 


ing quantit ics 


H weight of member prior to balancing, lb 

( distance from pivot to center of gravity of unbalanced 
member, in 
distance from pivot to new center of gravity after balan« 
ing, in 
radius of gvration about center of gravitv before balani 
ing, in 
radius of gyration about new 
balancing, in 

І distance from pivot to point of impact, in 

Q additional weight necessarv to balance, lb 
distance from pivot to Q, in 

К С,/1, С,/1 R,/L)*, a numerical constant 
less than 0.25 


center ol gravity alter 


always 


After the weight О has been added the center of gravity 
shifts from C, to C», 


wherc 


Wt HF Qa 


« 


W +R 


The radius of gyration about C» is given by Ro, 
where 
Q+ W)R Q(C; г) + W(C C + WR 2 


The condition that the impact force be at the center of 


F40 


when the relations are 


R C(L Cs 3 


percussion can be shown to exist 


Eqs (1), (2) and (3) can be solved graphically, by means 
of the accompanying chart, to obtain a relationship between 


x/L and W/Q. 


NUMERICAL EXAMPLE 
Gwen: A system where W 
8 in 
Required: Where must a balancing weight O be added if it 


2 lb, L 


24 in., C4 12 
in., Ry 


is not to exceed 25 per cent of the original weight? 


SOLUTION 


R 12 12 8 
( ) ( ) 0.139 
1 1 L 24 24 24 


Let O/W = 0.25 


, therefore W/Q 1.00 


From the reference point P on the chart draw a straignt 
line to the correct value of K (note: the same point P is 
used for all problems). Enter the chart at W/Q = 4 and 
proceed vertically downward until the line PK is intersected 
at point A. Draw a horizontal line through A intersecting 
the parabola at the two points B and C. The points B and 
C locate two values of x/L, these are —0.40, and 1.40 which 
represent two permissible locations for the additional 
weight Q. The positive value of x/L corresponds to a point 
below the pivot axis; the negative value of x/L corresponds 
to a point above the pivot axis. 
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WR? of Round Steel Bars 


THIS TABLE GIVES values of WR*, expressed in pounds 
( inches) ?, for 1 in. long steel bars about their longitudinal 
axes. Weight of steel is taken as 0.283 lb per cu in. The 


values of WR? given are calculated from 


WR 


D*/35.997 


whe re 


D diameter of bar, in 


To obtain the WR? for any steel bar of constant diam- 
eter, multiply the length of the bar expressed in inches by 
the WR? value given in the table that corresponds with 
the shaft diameter. When bar has stepped diameters, multi- 
ply length of each step by the WR? corresponding to its 
diameter, then add the WR? values of all steps 

For bars of material other than steel, multiply the WR? 
value of the steel bar derived from the table by the ratio of 


R polar radius of gyration o 
H weight of a steel disk of diameter D and an inch thick, 


000000 
027780 
444480 
2.25018 
7.11168 


17.3625 
36.0029 
66.6998 
113.787 
182.265 


277.800 
406.727 
576.046 
793.425 


1067.20 


1406 
1820 
2320.2 
2916.2 


620.32 


4444 
5402 
6507 
3.98 
9216.74 


10851 
12694 
14763 
17075 
19648 


22501 

25655.4 

29129 
12944 


11687 
46659 
52064 
57925 


64267 


1116 
8499 
86442 
94974 
104122 


113915 
124384 
135558 
147468 
160146 


173625 
187937 
203117 
219198 


236215 


000000 
035404 
502699 

2.44423 

7.56669 


18.2470 

37.5266 
69.1139 
117 
187 


385 


380 


284.809 
416.050 
588.141 
808.792 
1086.38 


1429 
1849.2 
2354 


2956 


3668 


4500 
5467 
6581 
7858 


9313.11 


10960 
12817 

4900 
17228 
19818 


22689 

25862 

2953 
195 


39 


41985 
46984 
52416 
58307 
64680 


71562 
8979 

86958 

9552 


104715 


114550 
125061 
136280 
148237 


160965 


174495 
188860 
204095 


220233 


000007 
044498 
566459 
2.64931 
8.04317 


19.1649 
39.0981 
71.5932 
121.067 
192.603 


291.951 
425.531 
600.426 
824.388 
1105.83 


1453 
1878 
2389 
2998 
3716 


4556 
5532.4 
6656.7 
7944 


9410 


11070 
12940.7 
15038 
17382 
19989.2 


22879 
26071 
29587 
13446 
37672 
42286 
47311 
52771 
58691 


65095.: 


72009 
9461.3 
87476.6 
960R83.5 


105310 


115186 
125741 
137005 
149010 
16178 


175368 
189787 
2050 


221273 


f 


000034 
055242 
636098 
2.86770 
8.54185 


20.1171 
10.7185 
74.1384 
124.835 
197.934 


299.227 
435.176 
612.902 
840.201 
1125.53 


1478.01 
1907.44 
2424.28 
3039.66 


1765.36 


4613 
5598 
6732 
8030 
9508 


84 
23 
34 
59 
15 


11180.8 
13065 
15177 
17537 
20161 .4 


23069 
26281 
29818 
13700 
17949 


12587 
47639 
5312 


59076 
65512 


72459 
79945 

87996 

96641 
105908 


115826 
126424 
137734 
149786 
162612 


176244 
19071¢ 


Courtesy of Philadelphia Gear Werks 
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bar 


, in 


the weight per cubic inch of the other material to 0.283 


Ib 


lb per cu inch 


WR? of Steel Bars in Pounds-( Inches) ? 


000109 
067822 
711971 
3.09930 
9.06334 


21.1042 
42.3889 
76.7511 
128.691 
203.376 


306.638 
444.983 
625.569 
856.177 
1145.49 


1502.49 
1937.07 
2459.74 

3081.64 
3814.64 
1671.23 
5664.59 
6808.52 
8117.54 
9606.80 


11292.2 
13190.1 
15317.9 
17693 
20334 


23261 
26493 
30050.5 
33954 
38227 


42891 
47969. 
53485.7 
59464.5 

65931 


2911 
80431 
88519 
97202 


106509 


116468 
127110 
138465 
150564 
168440 


177124 
191649 


000265 
082438 
794436 
3.34468 
9.60335 


22.1273 
44.1099 
79.4319 
132.635 
208.928 


114.186 
454.953 
638.434 
872.509 
1165.72 


1527.27 
1967.04 
2495.58 
3124.08 
3864.45 


1729.18 

5731.51 
6885.33 
8205.16 
9706.22 


11404.4 
13316.2 
15458.9 
17850.3 
20508.9 


23454 
26705 
30284 
34210 
38507 .2 


13196 
18301 

33845 
59854 
66352 


73365 

80920.4 
89044.5 
97765.4 


107112 


117113 
127798 
139199 
151346 
164271 


178006 
192586 
208043 


224413 


000549 

099298 
.883865 
3.60434 
10.177¢ 


23.1871 
45.8831 
82.1827 
136.670 
214.594 


321.873 
465.090 
651.497 
889.013 
1186.22 


1552.37 
1997.36 
2531.81 
3166.95 


3914.70 


4787.66 
5799.05 
6962.81 
8293.52 
9806.42 


11517.4 
13443.2 
15600.9 
18008 
20684 


23648 
26919 
30519 
34468 
38788.5 


13502 
48634 
54207 
60245 


66775 


73821 
81411.2 
89571 
98330 
107717 


117760 
128490 
139936 
152130 
165105 


178893 
193526 
209039 


22546 


001018 
118621 
980642 
3.87884 
10.7717 


24.2845 
17.7091 
85.0040 


140.795 


220.374 

329 
475 
664.759 
745 
1206.98 


699 


196 


905 


4846 
5867 
7040 
8382 
9907 


1163 
1357 
1574 
18167 
2086 


2384 


30755 
34727 


39071 


13811 
48969 

54570 
60639 


67200 


74279.6 
81904.2 
90101.4 
98898.9 
108325 
118410 
129184 
140676 
152918 
165943 


179782 
194470 
210039 


226525 


001736 
140636 
1.08516 
4.16872 
11.3915 


25.4204 
49.5890 
87.8976 
145.013 


226.270 


337.666 
485.875 
678.224 
922.715 


1228.02 


1603.46 
2059.06 
2605.74 
3254.01 
4016.71 


4906.23 
5935.89 
7119.71 
8472.34 
10009.1 


11746 
13699 
15887 
18327 
21038 


24039 
27351 
30993 
34987 
39355 


44121 
49306 
54936 
61934 


67627 


74739 
82399.5 
90633.3 
99469 
108936 


119063 
129881 
141419 
153709 
166783 


180675 
195416 
211042 
227587 


002781 
165582 
1.19781 
4.47458 
12.0377 


26.5958 
51.5238 
90.8642 
149.326 
238.283 


345 
496 
691 
939 
1249.33 


714 
523 
889 
920 


1629.48 
43 
88 
3298.21 
4068.46 


2090 


2642 


4966.34 
6005.20 
7199 
562 


10111 


82 


11861.7 
13829 
16032 
18489 
21217 


24237 
27568 
31232 
35249 
39641 


44432 
49645 
55303 
61431.7 
68056 


75202 

82897.0 

91167.7 
100042 
109550 


119719 
130580 
142164 
154503 


167627 


181571 
196367 
212049 
228652 


16 | 


004239 


193707 
1.31901 
4.79694 
12.7110 


27.8114 | 


53.5148 
93.9056 
153.733 
238.416 


354.037 
507.343 
705.762 
957.371 
1270.92 


1655.82 
2122.16 
2680.70 
3342.85 


4120.69 


5026.99 
6075.15 
7279.25 
8654.05 
10215.0 


11978.1 
13960.2 
16178.6 
18651.5 
21397.6 


24436 
27787 
31472 
35512 
39929 


44745 
49985 
55672 
61831 
68487 


75666 
83396 
91 

100618 
110165 


704.3 


1203 

131283 
142913 
155300 
168475 


182470 


197321 | 
213059 | 


229721 


006206 | 


225272 
1.44919 
5.13641 
13.4121 


29.0682 
55.5631 
97.0225 
158.240 


244.669 


440 
344 


362 
518 
719.841 
975.053 
1292.78 


1682 
2154.2 
2718 
1387 
4173 


5088.21 
6145 
7360.01 
8745.98 
10319.1 


69 


12095 
14091 
16325 
18814 
21578 


24636.4 
280082 
31714 
35777.3 
10218 


15060 
50327.4 
56043 
62232 


68920 


76133 

83898 

92243.4 
101195 


110784 


121038 
131988 
143665 
156100 
169325 


183373 
198278 
214073 
230794 


008790 
260546 


1.58878 | 


5.49361 
14.1419 


10.3672 
57.669€ 
100.216 
162.841 
251.044 


371.024 
529.520 
734.131 
992.985 
1314.92 


1709.44 
2186.70 
2757 


4226.67 


3149.97 
6216.83 
7441.46 
8838.65 
10424.9 


12213 


| 14224.2 


16473.4 
18979 
21761 


24837 
28229 
31957. 
36043 

40509 


45377 

50671 
56415 
62635 


69355.5 


76602 

84403.1 

92784.8 
101776 
111605 


121702 | 


132696 
144419 
156903 
170178 


184279 
199239 
215091 
231871 


012107 
299807 
1.73821 
5.86911 
14.9010 


31.7092 
59.8353 
103.489 
167.544 


257.544 


379.694 
540.877 
748.632 


1011.16 | 


1337.35 


1736.74 
2219 
2796.58 
3479 
4280.4 


5212.31 
6288.61 
7523.57 
8932.08 
10529.6 


12332 
14357 
16622 


19145 


| 21944 


25040 
28452 
32202.5 
36311 
10801 


45695 
51016 
56790 
63040 
69792.7 


77073 

84909 

93328 
102359 
112029 


122368 


016284 
343350 | 
1.89795 
6.26353 
15.6903 


33.0951 
62.0616 
106.840 
172.348 
264.168 


388.551 
552.416 
763.344 
1029.59 | 
1360.07 | 


1764.36 
2252.72 
2836.08 
3525.98 
4334.71 


5275.20 
6360.98 
7606.36 
9026.22 
10636.2 


12452.4 
14491.9 
16772 


3 
19311.7 
1 


| 22129 


133407 | 


145177 
157709 
171035 


187189 
200203 


216112 | 


232951 | 


25244 
28677 
32448 
36580.* 
41095 


46015 
51364 
57166.7 
63447 .4 
70232 


77546 

85418 

93874.7 
102944 
112655 


123037 
134121 
145938 
158518 | 
171895 


186102 
201171 
217137 | 
234035 


021459 

391470 
2.06844 
6.67751 
16.5105 


| 34.5261 


64.3493 
110.272 
177.254 
270.920 


337.560 
564.140 
778.276 
1048.27 
1383.07 


1792.31 
2286.28 
2875.92 
3572.93 


4389.49 


5338.65 
6433 
7689. 
9121 
1074 


1257 

14627 
16923 
19479 
22314 


25449 


28902.5 


| 32696 


36851 
41390 


46336.5 
51713 
57545 


| 63856 


70673 


78022 

85929.5 

94423.3 
103532 
113284 


123709 
134838 
146701 
159331 
172758 


187018 
202142 
218165 
235123 
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Formulo Theory 
2k? 
K?-| 
N3 K2 
K“-| 


|. 333K“ + 0.333 
к2— | St.Venant 


Maximum shear 


Maximum distortion ener 


Maximum principa 


+ 0.6 ASME 


" » hart m R ed 
Membrane | те ¢ may Dc sed 
the vessel wall thickness, in 
stance $ is taken as the m 


wable working stress at 
I p 





1.8 2.0 


је diameter)/ (inside diameter) 


From: Chemical Eng neering 


Comparison 


of Vessel Design Theories 


R. W. SCHNEIDER tl various theories, their formu 


Engineering and Loss Control Division must be compared on a consisten 


Ihe Travelers Insurance Company | TI } | lished 
04515 115 145 ееп асч триѕ 1¢ 


, , , 9 / і t 3 w 
Pis aai eli a ftdt fetch graphically in the chart above by 


slotting the ratio t $t 1 
puting the wall thickness of a cylindri | ing the ratio of stress $ to pres 


| ; sure P (as ordinate) against K, the 
cal vessel under internal pressure is 


often a problem. When the design ratio of outside to inside diameter 
Ihe chart illustrates the following 

theories: (1) Maximum Shear; 

Maximum Distortion Energy; ( 

St. Venant; (4) Maximum Principal 

Stress (Lamé): (5) ASME Code; and 

(6) Membrane. The applicable for 


pressure is relatively low, then the 
various theories, and the resulting 
formulas, give comparable results 
However, as the pressure increases 
these same formulas may give widely 
varying results. : $ 

When this occurs it becomes a prob- рн in terms of S/P ratio and К аг‹ 


тз y hart 
lem to select a formula which will not listed on the face of the char 


only give a safe vessel, but also an The ASME Code formula fot 


1 е 116112 1157 - 
economical one, so far as good judg-  lindrical shell is usually accey 
the desi 


ment will permit he design pressure is low 


To compare the results given by For the medium pressure 
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Reference 
line 


ا بب ب سب o — — ee‏ — سے سم عل لسم سا سے س $- 


Joint Efficiencies* — Toble 1 


With 


I 
| 
| 
| 
і 
1 
| 
і 
| 
і 
| 
| 
| 
| 
Р я 


Type of Joint 


Double-welded butt] No No 
Single-welded butt! $ No Yes 
backing strip) | Yes No 


100 200 300 500 


Rodio- Stress 
grophed Relieved E 
0.80 
0.85 
0.90 
Yes Yes 95 


Single-welded butt“ No No 0.70 
(Without bocking strip) No Yes 


7 76 


* Maximum allowable efficiencies for 
arc and gas welded joint. ‘Longitudinal 
Joints nof over /!/4 in. thick. No thick 
ness limitation on circumferential 
Joint. *Circumferential joints only, 
nor over Ig in thick 


1000 2000 5000 10.000 


P, internal working pressure, psig 


From: Chemical Engineering 


Nomograms 
for Pressure Vessel Design 


C. J. MAJOR 


Associate Professor 


State University of Iowa 
PROPER DESIGN of pressure vessels de 
pends on many details—head shape, 


safety valves, size of openings—but 


none is singly as important as vessel 
thickness 
1952 


ASME Code for Unfired 


Vessels provides the means 


The 
Pressure 
for calculating thickness of various 
shapes and sizes of vessels 


However, the calculations can. bx 


F44 


tedious and involved, particularly 


where equations are complicated, or 
calculation involve 


Nomographs can be 


where the may 


I 
trial-and-error 
very useful in these situations 


Nomograms have been developed 


for four major categories covered 


under the code: (1) cylindrical and 


spherical metal shells under internal 


pressure; (2) spherically dished and 


hemispherical heads under internal 


pressure; (3) cylindrical steel shells 


for vacuum service; and (4) steel 


D, shell external dia, ft 


Spherical and 
Cylindrical Shells 
Under 


Internal Pressure 
(1952 ASME-UPV Code) 


— ts, thickness of spherical shells 
rte thickness of cylindrical shells 
' 10 


dished heads and steel spherical shells 
under a vacuum condition 

These nomographs offer a conven 
ient method for quickly determining 
thickness; or if the thickness is known 


maximum allowable 


pressure re 
quired under actual working condi 


tions of the pressure vessel 


Pressure Service 
SHELLS — The 
for Unfired Pressure Ves 


CYLINDRICAL 1952 
ASME Code 


sels gives this formula for the thickness 
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Stress Values *—Table 
Metol Ternp.,F 


Carbon steel -200650 
(Flange дгоде 54-301) 750 
850 
20%? 100 
600 
1,000 
—20to 100 
600 
1,000 
-20 to 100 
600 
1,000 
150 
300 
400 
100 
250 
400 


* Maximum allowable stress 
value /n tension, psi 


Stoinless steel 
(Type 304) 


Stainless steel 
(Type 36) 


Stoinless steel 
(Type 347 


Copper 
(SB-Il,anneald) 
Aluminum 
(SB-178, 996A, 0) 





10 20 30 50 I00 


200 300 500 


Reference line 





1000 2,000 5,000 10,000 


P, internal working pressure, Psig 


of cylindrical shells under internal 
pressure 


PR 
+0.4P 


‘= Е 
where ¢. =thickness of cylindrical shell, in. 


P=maximum allowable internal 


pressure, psig 
R., =outside radius of shell, in. 
working 


maximum allowable 


stress, psi. 
efficiency of longitudinal joints 
in shell, expressed as a decimal. 


Equation (1) is useful and applica- 
ble where ¢ does not exceed one half 
of the inside radius, or P does not ex 
ceed 0.385 SE. A majority of designs 
will fit these limiting conditions 

Some of the joint efficiencies given 
by the code are shown in Table I. The 
allowable working stress, $, applies to 
the metal actually used for the shell 
А few representative values for $ for 
various metals are shown in Table II 

The pressure nomograph for cylin- 


] 


drical and spherical shells solves Eq 
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(1) and may be used for calculating 


either thickness or allowable pressure 


outside diameter in 


On the chart the 
feet is shown for convenience, instead 
of outside radius in inches as given in 


Eq (1) All 


remain the same 


other units, however, 


Problem: Determine the thickness 
required for a cylindrical shell having 
| ft 


pressure of 150 psig The steel has an 


an outside dia. of and an internal 
allowable working stress of 25,000 psi. 


The longitudinal joint efficiency is 0.80. 


Solution: SE 0.80 
20.000 


On the nomograph, find 150 on the 


5.000 


pressure scale, follow vertically to the 
line representing $E — 20,000; follow 
horizontally to the reference line, con- 
nect this point with a line to 4 on the 
diameter scale; and at the intersection 
of this line with the right-hand thick- 


ness scale read f 0.18 in. Actual 


|956 
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R,inside dish rodius, f t. 4 
r-3 


Hemispherical and 


Spherically Dished Heads 


Under 


Internal Pressure 
1952 ASME-UPV Code) 


ness of hemispherical heads 


, thickness of spt у 


ished heods 





thickness of the shell will then be 0.18 


in. plus the required corrosion allow 


ance 


SPHERICAL SHELLS—This formula for 


determining the thickness of the shell 


of a wholly spherical vessel is given in 
the code 
PR, 
te 28E --0.8P 


where P thickness of spherk il shell, in 


P=maximum allowable internal 
pressure, psig. 
! 


R, — outside radius of shell, ir 


S-maximum allowable working 


Stress, psi. 
lowest efficiency of any joint in 
shell, expressed as a decimal 


The limitations to Eq. (2) are that 
t does not exceed 0.356 times the in 
side radius, or P does not exceed 0.66 
SE. Note that Eq. (2) differs from Eq 
(1) by a factor of two—the thickness 
of a cylindrical shell is twice that r« 


quired for a spherical shell, all other 
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conditions remaining thc same А‹ 


cordingly, the nomograph for 


cylin 
drical shells mav als e used f 

spherical shells, except that a different 
The left hand 


thickness scale is 


thickness scale is used 
of the 


spherical shells and the right hand for 


side used for 


cylindrical shells 


Py blen 


required for a spherical shell using the 


Determine the thickness 


same conditions as above 


Solutio? Follow th« procedure out 


lined. Read 0.09 on the left hand side 


of thickness scale. The required thick 
ness is then 0.09 in. plus the corrosion 


allowance 


SPHERICALLY DISHED HEADS The 
1952 ASME Code for Unfired Pressure 


Vessels has this equation for 


Caiculat 


ing the thickness of a spherically 


dished ( tOTIS| he 


he 
P= maximum 
pressure, psig 
R, = inside spheri 
f head in 


maxim 


cier 


decimal 


The above equation applic 
in which the knuckle 


radius 


cent of the inside crown radius 


Nomograph for spherical at 


spherical dished 
solve Eq. (3 convenience, the 


) 


nomograph uses the inside 


diameter 


in feet instead of inches 


HEMISPHERICAL HEADS The code 


gives the following formula for cal 
culating the thickness of hemispherical 


he ads 


PR 
oS] 0.2P 
thickness hemisphe 
head in 


maximum 
pressure 
inside sp 


of head 


maximum 


stress, p 


lowest 
in hea 1, * 


| quation 
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not exceed 0.356 R; or P does not ex 
ceed 0.665 SE. 
By comparing Eq. (5) and (4) it 


wil be seen that the thickness of a 
hemispherical head is 0.565 times that 
of a spherically dished head—with all 
other factors remaining the same. The 
can be used for 


same nomograph 


hemispherical heads using the left 


hand side of the thickness scale 


Problem: Find the required thick- 
ness for a seamless spherically dished 
head, having an inside crown radius of 
i ft. and an internal working pressure 
of 150 psig 


stress of the metal is 20,000 psi 


The allowable working 


1 (seamless head), 

$1 20.000 
On the nomograph, find 150 on the 
pressure scale; follow vertically to the 
20,000: follow 


horizontally to the reference line, con- 


line representing SE 


nect this point with a line to 4 on the 


radius scale, and at the intersection of 


) 


this line with the 7,; scale read 0.32 in 
The required thickness is 0.32 in. plus 


the required corrosion allowance 


Problem hick- 


ness of a seamless hemispherical head 


Find the required 


using the same conditions as above 
Solution: Follow the procedure out- 

lined. Read 0.18 on the 7; 

add on the 


scale and 
necessary corrosion allow- 


ince 


Vacuum Service 


CYLINDRICAL STEEL SHELLS—In the 
1952 ASME Code for Unfired Pressure 
Vessels. Fig 


vessels under external pressure, when 


UCS-28 applies to steel 


constructed of steel having a yield 
strength of 24.000 to 50.000 psi Most 
carbon steels used in construction of 


vessels fall into this classification 
ind range of yield strengths 

In calculating the required thickness 
employing this figure, it is necessary 
to use trial-and-error. For vacuum 
work the external pressure is taken as 
15 psi Based on the data in Fig 
UCS-28, the nomograph for cylindrical 
shells under vacuum was developed. It 
permits the required thickness of a 
shell 


without 


cylindrical to be calculated di- 


rectly trial-and-error 

Ihe length of the cylindrical shell, 
L, is defined as 

1. Distance between head-bend lines 


plus one-third of the depth of each 


head, if there are no stiffening rings; o: 

2. The greatest center-to-center dis 
tance between any two adjacent stuitten 
ing rings; Or 

3. The distance from the center of 
the first stiffening ring to the head 
bend line, plus one-third of the depth 
of the head; all measured parallel to 
the axis of the vessel and in feet not 
in inch measurements 

Outside diameter of the shell is D,, 
expressed in ft. On the left hand side 
of the chart three temperature lines are 
For 300 F and 


use the 300 F line. For higher 


given temperatures 


below, 


temperatures the appropriate line is 


used—interpolation is permitted 


DISHED HEADS AND  SPHERICAI 
SHELLS—In the 1952 code, Fig. UCS 
28 can be used for calculating the r« 
quired thickness of steel dished heads 
or spherical steel shells under vacuum 
conditions 

Based on this figure and an external 
pressure of 15 psi, the nomograph fot 
spherical heads and shells was devel 
oped. It offers a convenient means of 
getting the required thickness for vac- 
uum service 

For spherically dished heads use the 
outside crown radius; and for spheri- 
cal shells use the inside crown radius 
To determine thickness draw a straight 


line between the temperature scale 


and the radius scale. Thickness is read 


at the point where this line intersects 


the ¢ scale. 


Other articles relating to pressure vessel 
lesign, standards, nomenclature or compo 
nents are 

Estimating the Weights of Joints in Cy- 
lindrical Vessels. Product Engineering, Dec 
1952, pg 213 

Aluminum Tanks and Pressure Vessels, 
Product Engineering, April 1953, pg 183 

Design of Vertical Pressure Vessels Sub 
jected to Applied Forces, ASME Transa 
tions, Aug 1955, pg 865-86 

Design of Welded Pressure Vessels Using 
Quenched and Tempered Steel, Weldins 
! sept 


Subblt ment, 


Journal Рі 
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1955, 


pg 442 


Uniform Notation System for Pressure 
Vessel Shell Theory, Й elding 
plement, Aug 1955, pg 203-395. 

Eight Gaskets for High Static 
Pr du I F ngi I 


Handbook for 19 
PE I 0 


Jour nal Sut 
Pressures, 


neering 


REFERENCI 


“Charts for Pressure Vessel Design,” by 
C. T. Maior, Associate Professor, State Uni 
versitv of Iowa, Iowa City, Iowa. Published 


Engineering, April 1955, pg 


in Chemical 
172-175 
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For Vacuum Service 


Cylindrical Shells 


952 ASME-UPV ( je 








How to Use These Nomographs 


Calculate Thickness of Cylindrical Steel Shells 
This is a vacuum distillation column 6 ft. OD. Plates are 
welded to the shell, acting as stiffening rings. Plate spac 
ing is 18 in. Distance from the top plate to the head-bend Spherically Dished Heads 
line of the top head is 2 ft. Distance from the bottom end 
plate to the head-bend line of the bottom head is 2.5 ft Spherical Shells 
Depth of each head is 13 in. and max. operating tem |- 8' zu 


ASME je 
perature is 600 F. 


Maximum L/D, occurs at the bottom of the column. Thus 
I 2.5+-1/3 (13/12) = 2.86 ft., L/D. = 2.86/6 = 0.477. Find 
0.477 on the L/D, scale. Follow vertically to the 600 F line 
Follow horizontally to the reference line, connect this point 
with a line through D, scale to the ¢ scale at a value 
slightly less than 0.20 in. The thickness is then 0.20 in. plus 
for corrosion 


Calculate Minimum Thickness of Flanged, Dished Head 
Head is under vacuum at a maximum temperature of 
800 F. It has a dish radius of 3 ft 


Draw a straight line from 800 on the temperature scale 
to 3 on the R scale. Read 0.125 on the £ scale. Required 
thickness for the dished head is 0.1 in. plus the allowance 
for corrosion. 
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A area of tube cross section, sq. in 
tube outside dia, in 
bending stress, Mc/I, psi 
torsional shear stress, Tc/J,, psi 
bending modulus of rupture, psi 
torsional modulus of rupture, psi 
centroidal moment of inertia of tube, 
in.* 
polar moment of inertia of tube, in.* 
moment of inertia coefficient 


3 i 4 
D/t) | (D/ty 


2 
(D/t) 
bending moment, in.-Ib 


bending stress ratio f,/F,, 
torsion stress ratio f,/F,, 
tubing wall thickness, in 
torsional moment, in.-lb 
bending torsion parameter 


¥1 + (/2F,) (T/ M) 
torsion bending parameter 


¥1 + QF,/F'|(M/T) 


ROBERT A. NEEDHAM 


University of California 


TUBULAR MEMBERS subjected to com- 
bined bending and torsion are usually 
designed by trial and error. However, 
a direct approach has been developed 
which also permits ready determina- 
tion of the dimensions for the tube of 
minimum weight to withstand a given 
combination of stresses 

This the 
formula for the bending of round 
tubes which, at failure, is 


M tto 7 2IF ,/D 
Substituting &D*¢ for I, 


М  2F sk 
D o Di 


method utilizes classical 


Hence, for a given alloy, and tensile 
strength in the case of alloy steels, the 
parameter M/D?, called the structural 
index, depends only upon the D/t 
ratio 

According to the method of stress 
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£ MECHANICAL PARTS AND DESIGN ANALYSIS 


Design of Round Tubes 


For Combined Bending and Torsion 


Method of designing tubing of minimum weight for 


combined bending and torsion loading. Illustrated for 


24S-T aluminum alloy, the approach is readily extended 


to other materials such as magnesium and steel alloys 


ratios described in ANC5, "Strength 
of Metal Aircraft Elements,” 1951, 
Bureau of Commerce, Washington, 
D. C., a steel or aluminum alloy round 
tube will be safe if the sum of the 
squares of the bending and torsion 
stress ratios is equal to or less than 
one. Thus 


RS + Rk? 1.0 ) 


yields a tube of zero margin of safety. 
For round tubes, I, 21, and Eq (2) 
can be written 

MD/2F,I» TD/4F „7)3 1 
where F, is also a function only of the 
D/t ratio. 


Since I ED?; 


M 
D3 


Letting 
8 
then 


з M 2F» 
" D D/t 


Comparing Eq (4) with Eq (1), note 
that the structural index M/D9? need 
only be increased by 8 to use Eq (1) 
for combined stress calculations. 

The parameter 8 depends upon the 
moment ratio T/M and the rupture 
moduli ratio F;/2F,. It can have any 
value from 1.0 to ^», depending upon 
the T/M ratio; unity corresponds to 
pure bending, while © represents pure 
torsion. Obviously, Eq (4) cannot be 
used for pure torsion. Therefore, it is 
necessary to use the expression for tor- 
sion analogous to Eq (1). Thus 


1956 


Again, for combined bending and 
sion 


tor- 


АРЕ 


D jt 


where 

V1 + (2F,/F 1/1 
Eqs (4) and (6) will solve all possi- 
ble combinations of M/T (or T/M) 
Further, it is only necessary to consider 
variations of moment ratios between 
zero and one in either instance 


Design of Optimum Tube 


The principles of optimum design 
applied herein were first proposed by 
F. R. Shanley, "Principles of Structural 
Design for Minimum Weight," Jour- 
nal Aero. Sciences, March, 1949. Eq 
(4) can be written 

M 2F 

D m T 
Solving for A, and dividing both sides 
by M2/3 
Thus, for a given value of M, the area 
will be a minimum when the right- 
hand side of the equation is a mini- 
mum. If the moment ratio is held con- 
stant, Eq (7) can be evaluated for 
various values of WM/D3. However, 
the values of WM/D3 corresponding 
to the assumed Т/М must be 
used because M/D? will be smaller in 
the presence of torsion than for pure 
bending. To facilitate the solution of 


Eq (7), Eq (4) has been plotted for 
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гапо 





| Fig.!" Voriotion о/м? with D/t 
| for volues of T/M from O to! 
(24 S - T3 round tubes) 


ا 


| 


| M= bending moment 
D*OD of tube 
t = wall! thickness 
T= torsional moment 
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Dio/ thickness, 2 


various ratios of T/M in Fig. 1. This 
graph plus Eq (7) was used to plot 
the 4/M?/3 curves of Fig. 2 for values 
of T/M between 0 and 1.0. 

The procedure is repeated for Eq 
(6). The expression analogous to 
Eq (7) is 
Values of NVT/D? have been plotted 
in Fig. 3 to aid in solving Eq (8). 
Fig. 5 and Eq (8) then were used to 
plot the A4/T?/? curves of Fig. 4. The 
values of XV M/D? and ¥/T/D® cor- 
responding to optimum values of 
A/M?/3 and A/T?/? were obtained 
from Figs. 2 and 4 and the optimum 
D/T ratios for the various moment 
ratios obtained from Figs. 1 and 3. 
These values of (D/T) op were, in 
turn, plotted against T/M in Fig. 5. 

Shanley has shown that for pure 
bending of circular shells there is a 
wide range of stress in which the shell 
area does not exceed the optimum by 
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5 per cent. A comparable “optimum 
range” also exists for combined bend- 
ing and torsion. Consider, for exam- 
ple, the 4/M?/3 curves of Fig. 2 and 
let Aope represent the minimum area 
for a given bending moment and T/M 
ratio, say T/M = 0.6. Dividing the 
ordinates of this curve by Aop./M?/3, 
the area ratio plot of Fig. 6 is obtained. 
This curve indicates that there is a 
range of D/t values between 40 and 
112 in which the increase in area ‘s 
less than 5 per cent. Also, it indicates 
the severe weight penalty which results 
from using tubular members with 
small D/t ratios much less than 40 


EXAMPLE 1 

T — 50,000 in.-Ib. M 20,000 in.-Ib 
It is required to select the optimum 
(24S — T) tube to resist these mo- 
ments 


M/T - 20,000/50,000 = 0.40 
T/M = 25 


from Fig. 5, 


from Fig. 3, 


Thus, 


ә 50,0 0 
1.40 


1 = 4.980/60 = 


D = 4.980 in 


0.083 in 


A check by the stress ratio method 
shows a margin of safety of 4 per cent. 
From the standpoint of practical de- 
sign, the above dimensions would prob- 
ably be changed to a diameter of 5 in. 
and a thickness of 0.081; the 0.081 
being a standard sheet gage. 


EXAMPLE 2 

Same as Example 1 except that a non- 
optimum tube having a D/t of 160 
will be selected. 


At a M/T ratio of 0.4 and D/t = 
read, from Fig. 3 


160, 


УТЛА = 4.05 
from which 

D = 9.100 

t = 0.057 
A check of this tube shows a positive 
margin of safety of 3 per cent. Com- 
paring the areas of the tubes of Ex- 
amples 1 and 2 


Example 1: 
A = Dat 


v X 4.897 X 0.083 : 


Example 2: 
A = rD,,l 
= т Х 9.043 > 
ЕХАМРІЕ 3 


0.057 = 1.619 in. 


М = 0, Т = 50,000 Ib-in 
The optimum tube size is required. 
From Fig. 5, for T/M = œ 
(D/t)ope = 60 
From Fig. 3, for D/t = 60and M/T = 0 


/T/D* = 7.58 
from which 


D = 4.860 in. 
t = 0.081 in 


EXAMPLE 4 


Given: Standard tube with D = 4.000 


in. and ¢ = 0.065 in. 
(D/t = 61.5 and J = 1.556 in.*) 
(a) Find allowable’ bending moment 
(b) Find allowable torsional moment 
(c) Obtain margin of safety when 7 
= 18,000 lb-in. and M = 22,500 
in.-lb 


(a) From Fig. 1, for D/t = 61.5 and 


Т/М = 0 
VM/D = 8.90 
from which the value of Maio. becomes 
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М „пом 8.90 х 4.000)? 45,100 moment in the presence of torsion is Anon; "Strength of Metal Aircraft Ele- 
in.-lb M 7.50 x 4.000?! = 27.000 in.-Ib ments,” ANCSa, Revised May 1949 
DE "un ; 16 0 for D/t 5 and then the"margin of safety is Younger, J E; Mechanics of Aircraft 

M'/M)—1 27,000/22.500 Structures, McGraw-Hill Book Company 
zm 27 22, ker i 
VT/D 1-0.0 Moore, R. L.; “Torsional Strength of Alu 
К, 2 4 
` minum Alloy Round Tubing,” NACA 
From which : À 
ГМ 879, January 1943 
T, à ‹ 7 9 i i | 
Ted и , 1.000 24,200 Batdorf, S. B.; Stein, M.; and Schildcrout, 
an t CES owe r? - 
р F | Dit 615 1 REFERENCI M.; "Critical Stress of Thin-Walled Cyl- 
rom fig , tOr )1.9 An ds ц 2d í is ая oe м A" 12 
T/M 18.000 /22.500 0 80 Shanley, F. R Principles of Structural inders in Torsion,” NA¢ A TN 1344 
hg Design for Minimum Weight,” Journal ». Stang, A. H.; Ramberg, W.; and Back, 
` M/D 1.50 f Aeronautical Sciences, Vol. 16, No 3, G Torsion Tests of Tubes, NACA 
from which the allowable bending March 1949 Report 601, 1937 


" 2/3 3)/3 | 
оти (80 9^ БЫ p | Fig. 4-Voriotion of. A/T ?^s with (T/03) "5 
ubes for various ratios of M/T (24 S-T tubing) 
A*orea T'forgue | 
IM=moment | D=tube OD | 


| 


{ 


д/м 2/3 х104 


l'-Opfimum 


Fig. 5- Variation of optimum D/t with T/M ratio 
24S-T cylinders, combined bending and torsion 





i 
| 
| 
| 
| 


yT. 5 
Fig. 3- Variation of ^7 D 3 with f for 
values of M/T of zero and |.00 
(24 S-T round tubes) 
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Bowed flanges are a factor 


in 90% of gasket leaks 
according to new test 


Here’s how to detect and measure flange bowing in gasketed joints... 


and how to compensate for it without redesigning the flange 


According to a new test developed recently at the 
Armstrong Research and Development Center, al- 
most undetectable flange bowing or bending is a 
factor in 90% of gasket leaks. 

Naturally, bowing is most likely to be found 
where flanges are light, where bolts are widely 
spaced, or where bolting pressure is high. But it 
can also occur in heavy flanges, where bolts are not 
properly spaced. 

Flange bowing can cause leaks because it reduces 
the flange pressure on a gasket in the area midway 
between bolt holes and thus reduces gasket com- 
pression. It may also cause extrusion of the gasket 
near the bolts because of the concentrated pressure 
in these areas. 

There are three qualitative ways and one quan- 
titative way that an engineer can determine if flange 
bowing is taking place. 

1. Pinpoint the leakage. If leaks originate at 
center points between bolts, there’s good reason to 
believe that flange bowing is the source of trouble. 


2. Look for localized extrusion. Extrusion near 
bolts—and not at midway points—indicates that 
flange bowing is present. 

3. Check for varying gasket adhesion. Flange 
pressure is one of the factors causing gasket adhe- 
sion. Consequently, where pressure is greatest, 
greatest adhesion should occur. If upon opening a 
leaky joint the gasket is found to be sticking more 
around bolts than at center, flange bowing probably 
is occurring. 

To quantitatively measure flange pressure or gasket 
compression at any particular point, a simple yet ac- 
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curate “solder plug” test devised by Armstrong re- 
search engineers can be used. 


LOWER PART OF FLANGE ASSEMBLY 


FIGURE 1. Line-up of parts for solder plug test. 

Drill several holes about 1/32 inch in diameter 
through the thickness of gasket to be tested. Insert 
in these holes cylinders or plugs of soft solder. (Fig. 
1) The plugs should be thick enough so that when 
the flanges compress the gasket, the plugs will also 
be compressed. Put gasket with solder plugs into 
flange and tighten bolts to desired torque. 

Open the flange and measure thickness of solder 
plugs. Each plug obviously will measure exactly the 
same as the compressed thickness of the gasket at 
the point where it was located. The solder plug, 
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*& COMPRESSION IN GASKET 


FIGURE 2. Determining percentage of gasket compression by charting solder plug thicknesses. 


being highly inelastic, will remain at the com- 
pressed thickness of the gasket when the flange load 
is released. 

The extent of flange bowing can be shown graph- 
ically by charting the solder plug thicknesses. (Fig. 
2) If too much bowing occurs, gasket will be over- 
compressed around bolts and undercompressed be- 
tween bolts. 

The percentage of compression can easily be cal- 
culated by using the formula shown in the inset of 
Figure 2. With this information, it is possible to de- 
termine whether the gasket material is within its 
recommended compression range at specific loca- 
tions on the flange. 

If flange bowing is so severe that leaks result, 
there are several possible means of compensating 
for the bowing that may avoid redesigning the 
flange. Each of them is designed to increase gasket 
compression in the bowed areas. 

1. Increase bolt pressure. If the flange—and the 
gasket itself—can withstand higher loading, this 
may bring undercompressed sections of the gasket 
into full contact with the flange. 

2. Decrease gasket area. This is a possible rem- 
edy where torque limit already has been reached. 
Caution: Don't reduce gasket wall to point where 
unit load exceeds the upper load limit of the ma- 
terial, particularly if operating temperatures are at 


or above the temperature limits specified for the 
material. 

3. Increase the gauge of the material. By using a 
thicker material, total deformation may be in- 
creased. 

4. Use a more compressible material. Again, be 
careful not to exceed the upper load limits of the 
material. 

If none of these measures is satisfactory, it may 
be necessary to redesign the flange—to make it 
heavier, to add stiffening ribs, or to put additional 
bolts at points where the maximum bowing occurs. 


SEND FOR 24-PAGE GASKET DESIGN MANUAL 


You'll find other useful information on the design and 
use of gaskets in the new Armstrong Gasket Design Man 
Write for your copy today. And see the booklet, 
“Armstrong Gasket Materials,” in Sweet's product design 
file. It describes the complete line 
of Armstrong non-metallic gasket 


materials 


ual. 


includes a 
for 
any sealing application where con- 


which 


new material suitable nearly 
tinuous temperatures at the gasket 
line do not exceed 250° F. Arm- 
strong Cork Company, Industrial 
Division, 7156 Irvin St., Lancaster, 


Pennsylvania. 





Armstrong GASKET MATERIALS 


. . used wherever performance counts 


ACCOPAC® FIBER SHEET PACKING . CORK B 
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SYNTHETIC RUBBER CORK-AND-RUBBER 
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ROTARY 
SEALS 


When ordinary methods won’t do the job—yet 
Shaft-Sealing Certainty is a must—the proper 
ROTARY SEAL is usually the answer. ROTARY 
SEALS stop Shaft-Sealing troubles before they 


assurance of pdSitive, trouble-free Seal perform- 
ance under yofr conditions. 

The illustragions above suggest only a few of the 
many successful uses of ROTARY SEALS. You'll 


start, because they're tailor-made for each spe- 
cific application. 

The basic sealing principle originally introduced 
by ROTARY SEAL more than 20 years ago has 
naturally been imitated up to a point. But the 
broad experience of ROTARY SEAL engineers 
is inimitable. That experience makes it possible 
to adapt the basic ROTARY SEAL principle in 
just the right way— with the correct facings, 
springs and other details—to give you complete 


mechanical 
seals 


find themf'"standard equipment" among leading 
makers gf PUMPS—HYDRAULIC DEVICES— 
COMPRESSORS — APPLIANCES — GEAR 
BOX¥S—HEAVY DUTY WINDSHIELD WIP. 
ERSA AGRICULTURAL MACHINERY —and 
i cores of other applications where Shaft- 
Sgaling Certainty is vital even under the most 
gorous conditions. 


Major assignments for important Seal develop- 
ments are keeping us mighty busy at present; but 
if special difficulties are besetting your develop- 
ment programs, and production quantities of Seals 
are involved, we'll be glad to help if we can. 


2024 NORTH LARRABEE STREET 
CHICAGO 14, ILLINOIS, U.S.A. 


rotatin 
shafts 
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INDUSTRIAL INCH 


(Right) Designed for slow-moving, 
heavily loaded machinery where 
large-diameter shafts are the rule. 
Accordingly, it is available in frac- 
tional-size bores for shafts from 4" 
in diameter upwards. 


BARREL 


(Right) A series of angular-contact, 
self-aligning bearings capable of sus- 
taining both radial and thrust loads. 
Race and roller curvatures insure ideal 
distribution of load, not only for 
normal operation but also for con- 
ditions of misalignment. 


HY-LOAD 


(Left) High-capacity, cylindrical roller 
bearings for heaviest radial loads 
and light or intermittent thrust loads. 
Produced in 3 diameter series, 2 
widths and more than 800 sizes. 


TRUNNIONED ROLLER 


(Left) Ideal for industrial trucks, tex- 
tile machinery, gear pumps, con- 
veyors, hoists and agricultural equip- 
ment. Rollers have trunnioned ends 
which fit into end rings. End rings are 
located and held parallel by spacing 
bars which guide and retain rollers. 


AVIATION 


Precision cylindrical roller bearings 
conforming to RBEC-5 specifications. 
Four series of annuli for a given bore 
size, in a range suitable for most 
aircraft applications. 


WHEN IT 
COMES TO 
ROLLER BEARINGS, 


HYATT HAS IT! 
—THE RIGHT 


TYPE FOR 
YOUR DESIGN 
REQUIREMENTS 


Whether you need a super-precision 
aviation type that will handle up to 
19,000 rpm in a jet engine, or a 

giant "industrial inch" to take crushing 
loads in slow-moving machinerv, 
HYATT has the answer. 


HYATT makes all three types of roller 
bearings: straight cvlindrical, barrel and 
taper. Our complete line—more than 

800 sizes in the Hy-Load series alone— 
provides maximum design flexibility plus 
unquestioned dependability. No wonder 
vou'll find HYATT catalogs at the 
finger tips of so many design engineers! 
If you need up-to-date copies, or 

would welcome the help of an 

expert HYATT Sales Engineer, 

call or write Hyatt Bearings Division of 


General Motors, Harrison, New Jersey. 


( mY) AVAILABLE THROUGH 
J 


UNITED MOTORS DISTRIBUTORS 
PARTS SALES 


YATT 


BARREL TAPER 


STRAIGHT 
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Stewart-Warner Panel 602-H. A stock panel now used by leading truck manufac- 
turers. Highly flexible—can be fully electric or combination of electric and mechanical. 


can help you plan 
` & complete 
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Typical Hook-up for Panel 602-H. Above panel includes mechanical speedometer, 
electric gauges, complete with sending units 


... from designs 


to finished panels 
... custom-made 
or stock models 
—for cars, 

trucks, buses 

and engines! 


At every step of design—from sty]- 
ing of panel to choosing drive equip- 
ment—Stewart-Warner offers you 
the widest selection . . . plus engi- 
neering teamwork unmatched by 
any other manufacturer! 
Stewart-Warner furnishes the 
most complete line of individual in- 
struments — speedometers, tachome- 
ters, tachourmeters — and gauges of 
all types. Our engineers will help 
you combine these in one of our 


many standard panels... or an 
entire panel can be custom-made to 
your specifications. 
Stewart-Warner — instrument spe- 
cialists for over half a century — can 
supply all your instrument needs 
and drive equipment from ome de- 
pendable manufacturing source. 
Save money by consulting Stewart- 
Warner now. . .while your designs 
are still in the early planning stage 
and are subject to modification! 


For further information, write: 


STEWART-WARNER 


Dept. V-106, Original Equipment Sales 
1826 Diversey Parkway « Chicago 14, Illinois 
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Multi-Purpose 


CaPlugs 


Safeguard products in process, storage and transit 


Easy-to-apply caps and plugs of tough, flexible Polyethylene provide inexpensive pro- 
tection for tubing, fittings, valves, hydraulic components and numerous machined parts 


Providing low-cost product insurance, CaPlugs are 
easily applied to protect and seal threads, tubing and 
fittings on all types of products and parts during 
processing, storage and transit. Molded of tough, flex- 
ible, unbreakable Polyethylene, CaPlugs are impervi- 
ous to most common chemical reagents, such as 
solvents, sterilizing agents, caustic and acid baths and 
are vermin and fungus proof. They will not chip, break, 
shred or collapse under most severe conditions and 
retain form stability, under stress, at temperatures 
ranging from —94°F up to 220°F. 


PUSH IN f 
oy T Ty N 
i ion б. 
PUSH ON 


TAPERED CAPLUGS (Non-Threaded Caps and Plugs) 


Can be used as caps or plugs, inside or outside of threaded 
or plain fittings. For any diameter from %” to 1%”. 
Special sizes available up to 32”. 


&e— 


PD SERIES (Threaded Plugs) 

For applications requiring threads. Knurled to spin in with 
ease, they seal beyond ordinary requirements, Sizes avail- 
able for AN, SAE and JIC Tube Fittings. Seal at the flare. 


Ча کا‎ 


THREADED PIPE PLUGS 

New, expendable threaded pipe plugs of 
red Polyethylene. Square head adaptable 
to finger or mechanical tightening. Pop- 
vlar sizes available. 


$C SERIES (Non-threaded Sleeve Caps) 
Designed to fit snugly over the outside 
diameter of tubing, sleeve caps are 
available in a number of sizes ranging 
from X" up. 


Costing less to buy, CaPlugs also cost less to apply. 
Where Tapered CaPlugs have been used, time studies 
have shown 500% labor savings over other methods 
of protection. 


Easy to spot because of their bright red color, Ca- 
Plugs add to a product's sales appeal... reflect the 
care of the manufacturer and emphasize quality. 


Furnished in 8 standardized designs, CaPlugs are 
promptly available from a multi-million inventory of 
over 300 sizes to meet a limitless number of needs. 


8 0 


EC & EP SERIES (Non-Threaded Caps and Plugs) 


Furnished to cap electrical receptacles and plug electrical 
connectors, or any similar thread or cylindrical diameter. 
EC (Caps) are red and EP (Plugs) are yellow. 


CD SERIES (Threaded Caps) 


Available in most frequently requested sizes from 34"-24 
thread to 154”-12 thread. Knurled on the outside. (Also 
available in Phenolic with a heat resistance of 450° F.) 


WRITE FOR FREE 
ASSORTMENT, DETAILS 
AND PRICES 


CAPLUGS DIV., PROTECTIVE CLOSURES CO., INC., 2207 Elmwood Ave., Buffalo 23, N. Y. 
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ready solution to mat 
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RADIAL RETAINER SERIES : ES 
BEARING NO. < BORE OD. WIDTH 
амс | 0459" |.1562" | 0625" | 
osso | 1875" | 07817 | 
[ 0781” | 2500" | 0937" | 
[.0937" | 3125" | 1094" | 
| 832€ | .0937" | 1875" | 0625" | 


ND SUPER-LIGHT RADIAL SERIES 
= BEARING NO. BORE O.D, WIDTH 


.1875" | .0781" 


0781“ 


3 


инн 


$ 


.0937" | .1875" 
ОУУ мас | 18757 | 31257 | 10947 ] 
[— — — iW enac | 12507 | 37507 | 1094" ] 
[— — —iV sexic- | 36757 3757 [ 12507 
[— — шс | 25007 | 37507 |12507 | 


FLANGED RADIAL SERIES ғи Race or Retainer Type) 
2F 2FC 


[315627 | 06057 
[— — 9 — Ware | 05507 | 18757 | 0781" 
[— — 4 — Ww ac | 78i | 25097 | 0937” | 
[— —sr — V sic | 09377 | 31257 | 30947 
[ assar 3331 | 09377 | 1875" | 0625" | 


g 


ы 


.1875" | .3 
DOUBLE SHIELDED FLANGED RADIAL RETAINER SERIES 
[ — rM [ 0469" [ 15927 Т 09377 | 
LACH | 0550" | .1875" | .1094" | 
| FH | 0781" | 2500" | .1406" | 


[— sar COGN 
[— sexar wessarc | 30757 | 37507 | 1250] 
өте  earc | 25007 | 37507 | 250 
DOUBLE SHIELDED RADIAL RETAINER SERIES 


[— emn [ 204657 [ 15627 [ 9937" ] 
[sen | 05507 | 18757 | X94" 
[— — — cun | 07817 | 2007 | 1496" | 
[sem | 9з” | 31257 | 140” | 

0 


HIGH SPEED SERIES (Including Flanged Type) 
Tam aM [05507 | 175" [ 978v" 
Canam Î _orer” [25007 |_7 
зм 5га [937° [ 31757 | 309" ] 
[зтэм______3тём [12507 [ 31257 | 1090" | 
[enam — — enam | 12507 | 3750” [ 1094” ] 
THRUST SERIES 


[12597 | 31257 12597 ] 
— — — ——e ws | 3759 | 1097] 

[n use T avs ] 87 

[rm [3x T5597 [ 997 | ANGULAR CONTACT SERIES 
[— — — — зға [03077-11917 |07097 | 
[— — — — am | 0471 | 13757 | 09457 | 
| en Гоют se |n 
[— — — wu | o7s7t | 2957 | 17727 
[— — — — V ton [ 10971 | 39377 | 2362" | 


[Sar T [32567 T 24597 
[— — — — WA | ву [ 250” | 0937 | 
[wea 2t | 37507 | 14067 | 
[wen | 150° | 37507 | 14967 ] 


Prefixes indicate material: Standard is chrome bearing steel (SAE 52100): use no prefi. All bearings, except No. l'APR, also available in 440 


stainless: use prefix SS in ordering. — V Indicates also available in 25 beryllium: use prefix NM in ordering. — SIndicates sizes available with spring separator, 
specify suffix S in place of C as shown. — fIndicates minimum shaft (S) dimension, (SE) dimension on request. Single Shielded Radial Retainer Series also 
available, specify CH, dimensions identical to Radial Retainer Series with exception of following which are wider: 24% CH (.0937), 3CH (.0937), and 4CH 
(.1094). Single Shielded Flanged Radial Retainer Series also available, all dimensions identical to Double Shielded Flanged Radial Retainer Series. Specify 
FCH and side to be shielded. Grooved Radial Retainer bearings are also available in 9 sizes. Root diameter of groove is the same as O.D. of equivalent 
Radial bearing. Self-Aligning Series and extended inner bearings available. Details on request. 


are available in ten design series and in more than 500 different types and 


dimensions now being internationally standardized, MPB has also originated 
sizes which normally can be supplied from stock for prompt installation. 


many precision manufacturing techniques. All MPB ball bearings are ground, 


Instrument manufacturers and users of small precision mechanisms can 
now utilize all the well known extra advantages of anti-friction bearings 
(accurate alignment, long wear, freedom from attention) universally accepted 
in larger quality equipment. 


For more than 20 years MPB ball bearings have contributed to the suc- 
cessful operation of precision mechanisms, A pioneer in designs and 


Miniature 


Incorporated 


a 


lapped, honed and/or burnished in accordance with highest quality practice 
for optimum operating characteristics. Inspection limit tolerances are equal 
to ABEC 5 or better. 

The most extensive engineering knowledge in miniature bearing applica- 
tions is available to you. More than a million MPB ball bearings have been 
installed in precision mechanisms. Catalog 55-56 giving complete specifica- 
tions, and additional data sheets mailed to you on request. 


reciston Bearings 


16 Precision Park, Keene, N. H 


"Pioneer Precisionists to the World’s Foremost Instrument Manufacturers” 
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rtriseal 


igning and Manufacturing 


G SHAFT SEALS 


ROTATIN PRODUCTS 


cOR ALL TYPES OF 


Catalogs 


and 


Bulletins 


To obtain copies of literature 
described below, circle corre- 
sponding number on coupon 
at end of this section. 


(R-1) WIRE ROPE — Bulletin DH- 
128D, 24 pp, covers more than 120 
different types of wire ropes. American 
Chain & Cable Co., Inc., Wilkes-Barre, 
Ра, 


(R-2) ROLLER BEARINGS — Catalog 
55, 72 pp, contains specification and 
data pages on shaft sizes from 24 to 7 
in, including rating tables. Chain 


Belt Co., Milwaukee 1, Wis. 


(R-3) BALL BEARINGS — Catalog 
AFB-1, 32 pp. Dimensions and load 
ratings are given for single row, double 
row, deep groove radial, and angular 
contact bearings. Industrial Tectonics, 
Inc., 3684 Jackson Road, Ann Arbor, 
Mich. 


(R-Á) LiQUID SPRINGS—Catalog LS, 
2 pp, describes and illustrates line of 
liquid springs designed for replacing 
coil springs in die applications using 
liquid compressibility. Taylor Devices, 
Inc, 188 Main St, N. Tonawanda, 
М.Ү. 


(R-5) SPRINGS—Catalog 5, 47 pp, 
contains design formulas, metal prop- 
erties, application data for helical and 
wire springs, pressed steel parts, cast- 
ings, stampings. Union Spring & Mfg. 
Co., New Kensington, Pa 


(R-6) SEMI-PNEUMATIC WHEELS— 
Data Sheet 401, 4 pp, contains specifi- 
cations and design engineering data for 
puncture proof, steel disc wheels. 
Gleason Corp, 250 N. 12 St, Mil. 
waukee 3, Wis. 


(R-7) VIBRATION MOUNTINGS — 
Catalog FR-55, 4 pp, describes line of 
vibration mountings and fan and motor 
bases. T. R. Finn & Co., Inc., 200 Cen- 
tral Ave., Hawthorne, N. Y. 
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How you can design... 


| ÜlL-MIST 


AUTOMATIC LUBRICATION 


into the machines you are building 
...fOo protect any moving surface! 


new or installed machine. This completely automatic, foolproof 
system eliminates human error — multiplies bearing life— 
reduces product spoilage— boosts machine output. So economical, 
it cuts oil consumption up to 9075! Operates on compressed 

air, starts and stops when machine switch is turned on and 

off. Airborne lubricant is conveyed through tubing to bearings. 
Right now Alemite Oil-Mist is handling tough lubrication 

jobs on countless modern, high-speed machines. 


3 TYPES OF FITTINGS APPLY LUBRICANT IN FORM REQUIRED! 


® $ргау fitting is recommended for 
open or enclosed geors and chains. 
Allow for concentroted spray of oil 


r1 A where needed. 
A и 2 Condensing fitting opplies oil 
I 


in liquid form to plain bearings, 
à slides, ways, vees, cams 
ond rollers. 


open gears 
chain and 


sprockets 
\ 


plain ~ Y 


{ Mist fitting brings the most bearings 
~ efficient lubrication to any 
anti-friction bearing — roller, 


boll, needle. 


) 


ball 
bearing 


roller 

bearing 
enclosed 
gear cases 


Lubricator specifications ° Air regulator Alemite Oil-Mist offers these lubrication advantages: 


(A) reduces from pressures up to 200 psi. a е Automatic lubrication * Continuous lubrication * Saves man-power 
Я = Р Т : Eliminates guesswork * Greater safety * Stops oil drippage 
Normal air consumption, .7 to 1.2 cfm. Cuts oil : ^h 
и c uts oil consumption up to 9096 • Extends bearing life 
* Operating pressure, 5 to 20 psi. Range of Reduces number of lubricants needed 
oil handled, to 1,000 sec. (S.U.V.) @ 100°F. Eliminotes down-4imo 
* Oil reservoir (B) capacity 12 oz. (one 
week's average supply) * Baffle-type water separator (C) 
is automatic—self-dumping * Solenoid control (D) 
starts system as machine starts. $ FREE ... Write today! 


Complete range of models and multiple unit models — 


242 ? e е Use coupon below for your free copy of the 
Capacities 12 oz. to one gallon to fit any application! Oil-Mist celeleg end dote beek! 


A PRODUCT OF 


Alemite, Dept. T-106, 1850 Diversey Parkway, Chicago 14, Illinois 
acem [Î ILMIS | эи | ا‎ З 
- Сотрапу 


LUBRICATION * hien 


ON 
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COMPRESSION SPR 
Regular, Double 


Sfo k 


A.: 

| 

ER SPRINGS FLAT SPRINGS Y FASTENERS and 

Clock or Motor Arched, Curved-beam and COLLARS RETAINERS 
; tle 


d nO N ы | 
HAIRSPRINGS SPRING WASHERS BELLEVILLE f s» NGS DIAPHRAGMS PLUS 
for Instruments Wavy, Star, Finger, In ЕЕ Parallel Discs, Plates 
Gauges, etc. Expander, etc. Parallel-series OLLED 
SPRING STEEL 


DIVISIONS OF {fs 
ASSOCIATED 
SPRING 


ASSOCIATED SPRING CORPORATION 
F62 
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Type SY Unit Pillow Blocks 
For set-screw mounting. 
Shaft diameters: 34" thru 4", 


New Type SYH-X Unit Pillow Blocks 


" " а 
For eccentric lock mounting. ч 
Shaft diameters: 34" thru 2-7/16" 
ey THIS S5KF* 


POSITIVE...PERMANENT...BEST... 
Because it seals lubricant IN and keeps dirt OUT! 


Type FY Unit Flanged Mountings 


* Made of a Du Pont “Fairprene” 


For set-screw mounting. Shaft Oa * Effective at extreme temperatures 
* Unaffected by synthetic lubricants 
* Lubricant can escape only when new 
NW lubricant is added 
Flanged Mountings i 
For eccentric lock mount- : * Contact seal cannot loosen 


diameters: 34" thru 2-15/16", 


New Type FY-X Unit 


ing. Shaft diameters: 
34" thru 2-7/16", 


The combination of the Red Seal and a rotating flinger 
assures you the best sealing arrangement available. 


FEATURED IN ALL FOUR BEARING MOUNTINGS 


This proven Bearing Seal is available in a complete 
line of unit pillow blocks and flanged housings — pre- 
lubricated and ready for operation — for all standard 
bolt hole spacing and center heights. 


SKF —everv TYPE—EVERY USE 


J Ball Bearings 
_) Cylindrical Roller Bearings 
) Spherical Roller Bearings 
Tapered Roller Bearings (“Tyson ) 


*Reg. U.S. Pat. Off. Tyson Bearing Corporation 


SKF INDUSTRIES, INC., PHILADELPHIA 32, PA, 
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Think first of SKF Unit Pillow Blocks 
and Unit Flanged Housings when de- 
signing a new product or replacing the 
unit in your present equipment. 





PRODUCT TO P 


LORD BONDED CENTER JOINT 
2 REQUIRED 


Е Vibration control is a vital element of improved 

product performance . . . and the most positive way to | | ; 
control vibration is through Lorp Bonded-Rubber i do AN-L 
Mountings. Here are several outstanding reasons why: س‎ Я IBUNTS pro- 


Isolate Vibration — Stop noise transmission or vibra - & 4 excellent re- 
tion caused by moving mechanical components. 7 

Lengthen Product Life — minimize stresses caused by dd 4 P nal shock 
shaft misalignment or torsional vibration. р; ; ў ems. De- 


to provide 


Reduce Maintenance Expense — the rubber element 
deflec- 


absorbs flexing action . . . no surfaces to wear or chafe 

. no lubrication is needed. 

LorD maintains a staff of vibration engineers to assist 
manufacturers in isolating destructive vibration. They 
will gladly assist you by designing and producing the 
most economical and efficient mounting for your needs. 
Call or write the Lorp Mfg. Co., Erie, Pa. 


LORD MANUFACTURING COMPANY « ERIE, PENNSYLVANIA 


4 


DESIGNERS AND PRODUCERS OF BONDED RUBBER PRODUCTS SINCE 1924 
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METAL BELLOWS i 


AND BELLOWS ASSEMBLIES 





OST 
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MODERN BELLOWS ENGINEERING AND MANUFACTURING FACILITIES IN U.S.A 





MOVEMENT PRESSURE MOTORS 


When used to convert pressure effects 


GENERAL APPLICATIONS ا | ا‎ e sapra ا‎ a 




































or externally through a cup structure. 
Bridgeport bellows and bellows assem- 
blies permit the simple, versatile bellows THERMOSTATIC MOTORS 


‘vai Pressure of a thermo-sensitive fluid is 
principle to be put to work in many transmitted through o vacuum sealed 


А bulb and tube to a bellows element. 
different ways. Here's what they can do: 


e convert pressure effects into controlled 
movement 


e operate valves and switches a бш ШУЛ 


y = 
С 
Anon 

L 


e absorb thermal or pressure expansion MOVEMENT 


үү AR 
e absorb vibration E | Е FIXED {! id | 


e act as valve or shaft seals 


в ї EXPANSION CHAMBER SHAFT SEAL FLEXIBLE JOINT 
e serve as flexible shaft coupling Bellows absorbs thermal or When used with o spring Bellows can transfer in-o 


" А А pressure expansion; can serve which holds seal against a circular, or pendulum moti( 
e transmit force hydraulically in remote as reservoir for liquid or gas. dundee of olate, « bel euhido of en cuis 
systems lows prevents leakage ture without any leakage 


around a revolving shaft 
e transmit motion from one medium to 


another while maintaining hermetic IL (MOVEMENT 


sealing : PACKLESS 


REMOTE TRANSMISSIO 
CONSTRUCTION 


Г When two bellows are join 
Bellows acts as a seal around 2” by a tube, motion or power ca 


Z 
valve stem to prevent leakage (2 p — be transmitted from one to tl 
and eliminate need for packing 7 0| | —-other with minimum friction los 


SEAMLESS METAL BELLOWS 
ARE NOT CARRIED IN STOCK 


To obtain predictable results in any bellows application re 
quires consideration of many bellows characteristics 
ambient conditions. For this reason, all Bridgeport bellows are 


made to specification 


HYDRAULICALLY FORMED 


A metal disc is cupped and drawn to form 
a tube, and then hydraulic pressure is 
applied inside the tube to form a com- 
plete Bridgeport bellows. This process 
permits the head to be formed as an 
integral part of the bellows. Since no 
soldering is required, a wide range of 
head designs is possible. 


SIZES AND METALS 


Sizes range from '4" O.D. to 57$" O.D. 
Other sizes available on special order. 
Metals used to make Bridgeport bellows 
include brass, phosphor bronze, beryllium 
copper, monel, and stainless steel. Other 
appropriate metals such as inconel and 
inconel-X are also available. 
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ring type head 


1 1 E 
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med integral andthe other and formed integral 





ШШ 


AOI 


pe A2—Bellows with both Type A3—Bellows with one 
ds trimmed to receive end trimmed toe receive disc 
c type head type head and other end a 


pe B2—One closed end Type B3— One end is closed 


med to receive a disc other end is trimmed 
e head. receive ring type head. 


Tnnnnnnnnnnnr 
ИИИ! 


Type A4—Both ends of this 
bellows are trimmed to re- 


ceive a ring type head 


"ШШШ Te 


UH LIN 


Type C2—Both dwarf ends 
trimmed to receive disc type 


head 


BUT 


ШИИ 


Type C3— Dwarf end Type D2—Left end has "S" 
trimmed to receive disc type burr trimmed on O.D. Other 
head. Closed end formed end trimmed !o receive a 
integral ring type head. 


1/4" DIAMETER METAL BELLOWS FOR 
MINIATURIZATION AND WEIGHT REDUCTION 


Advanced development in seamless bellows saves space and 


weight in aircraft, instrumentation, 


other equipment 


Available with various characteristics in phosphor bronze 


brass, or beryllium copper 


Type E2 à Type E3 
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Type E5 Type F2 


f 
nannannaannn ТТТ" nnne 
VUA LU ИШҮ! 


ШШ ШШШ 
Туре Н2 Туре НЗ 


jii 





ШШ 


Туре К2 Туре КЗ 


ТҮШҮ 
б е, 


ЇЙЇ d 


Туре Ё4 


AULA, 


TUUUUUUUUUUU 


Type F3 
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Type H4 


Ж 


ШШШ 


Type K4 


BELLOWS ENDS 


Bellows ends can be trimmed in many 
different ways to accommodate the 
head or heads. 

The drawings on this page show a 
few typical examples. End convolution 
of the bellows is utilized for this pur- 
pose by shearing and flattening the 
curved portion of the convolution. The 
length of the trimmed burr for a disc 
or ring type head is approximately 

longer than the thickness of the 
bellows head at its edge. 

Hydraulically formed bellows can be 
supplied with one integral head. This 
construction is shown at right end of 
Type B2. The integral head can be 
formed inwardly or outwardly and in 
most any shape desired and can be 


pierced to specifications 


MULTI-PLY BELLOWS 
CAN BE FURNISHED 


Single or double-ply construction is 
standard, but some sizes of bellows can 
be supplied on special order with addi- 
tional plies for higher pressures 





BELLOWS HEADS 


Bellows head types shown on this page 
are typical of the many types and sizes 
manufactured to customers' specifica 
tions. These are shown merely to de 
pict the usual method of attaching the 
head, or heads, to the bellows. Heads 
are usually provided with rounded edge 
about 3% thick over which the bellows 
end is spun and then soldered — pro 
viding mechanical strength and perfect 
sealing. A shoulder or offset on the 
head confines flow of solder to immedi- 


ate vicinitv of the connection. Some 


types are lap-joined and electrically 
welded. 


I 


BELLOWS ASSEMBLIES 


Whenever the bellows principle enters 


into a sub-assembly or component, 
Bridgeport Thermostat is singularly 
equipped and qualified to design and 
supply the complete assembly. Bridge 
port offers the specialized skill needed 
for successful bellows application. A 
great new plant also offers the most 
modern facilities available anywhere 
for bellows and bellows assembly man 
ufacture. In addition, specialized design 
and testing help is available from an 
engineering group devoted exclusively 
to bellows assemblies. All of these 
factors add up to significant savings in 
customer time, trouble and money 


ENGINEERING SERVICE 


For best results, bellows should be 
designed and applied only after the 
Bridgeport Engineering Department 
weighs all variables and makes a specific 
recommendation. This engineering 
service also extends through the later 
stages of a promising application 

from preliminary design, estimate, and 
working drawings to pilot units and 


laboratory or field testing. Upon ap- 


proval of the pilot model and satisfac- 
tory completion of field tests, bellows 
are then produced in large quantities 
tor greatest economy 

FOR SPECIFIC RECOMMENDATIONS 
ON BELLOWS APPLICATIONS, SUBMIT 
COMPLETE DATA PER LIST AT RIGH? 


Form BT432 
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THERMOSTAT DIVISION 


Robertshaw Fulton 


CONTROLS COMPANY al 


MILFORD * CONNECTICUT 


FOR SPECIFIC ENGINEERING RECOMMENDATIONS 


SUBMIT FOLLOWING DATA WITH INQUIRIES 


. State function of bellows, apparatus with which it is to 
be used, and whether bellows have been used for this 
purpose. з 

. Allowable outside and inside diameter, free length 

and compressed length of bellows. 

Total required movement of bellows— maximum, 

minimum, average. 

Frequency of operation, and estimate of minimum life 

required. 

, Type of ends desired, with dimensional sketch. 

, liquid or gas charge for bellows, if any desired. 

. Temperature data: (a) if differential operation desired, 
the highest and lowest values between which bellows 
is to operate; (b) if operation in water is desired, give 
highest and lowest temperatures. 


B. Pressure data: (a) maximum internal and external pres- 


sures which bellows must withstand; (b) if operation 
on pressure differential desired, lowest and highest 
pressures; (c) if bellows to be used in steam line, give 
steam pressure. 


9. Corrosive conditions to which bellows will be subjected. 
10. Initial and yearly quantity desired; if complete bellows 


assembly is desired, also submit detailed drawings of 
all parts. 





I-S SPRINGS of beryllium copper can help you 


IMPROVE YOUR PRODUCT'S QUALITY, REDUCE YOUR COST, INCREASE YOUR PRODUCTION 


Instrument Specialties Company specializes in the 
design and custom manufacture of age-hardened 
alloy springs. With our specially developed pro- 
cesses and machines, our engineers are able to 


Bui MAMMA Д 


PRODUCTION 


realize the fullest performance potential from the 
superior spring materials around which LS serv- 
ice to designers and manufacturers has been de- 


veloped. 


STRIP SPRINGS 


» Fabricated from beryllium copper. 
Easily handled, readily broken apart by hand or used 
in automatic or semi-automatic assembling devices 
and contact riveting machines. 
Individual pieces may be broken off without trace of 
burr 
Eliminate sorting, untangling and handling of loose 
pieces. 
Springs may be produced in strips to various shapes; 
formed angles may be held within plus or minus one 
degree. 
Heat treated in multiple fixtures to insure uniformity, 
close tolerances and elimination of variations in 
spring-back. 


(006 COIL SPRINGS 


Made from laboratory tested beryllium copper wire. 


tot Special coil and heat treating equipment insures 100% 
uniformity 
Guaranteed rigid tolerances held on diameter and load 
viv! 


tests at specified deflection. 
These factors combine to assure increased service life 


MAU Beni fs үү ҮҮӨ through higher endurance strength—make products 


FOR 
LOW 
ACTIVITY 


° PROCS 


e desıgn stage, 
When your product is in th 
os ENT SPECIALTIES co., INC. us show you how I-S springs of beryllium 


perform more consistently by eliminating drift, set or 
fatigue. Furthermore, they eliminate expensive hand 
adjustment and reduce inspection costs of finished 
product. 


HIGH FREQUENCY SPECIALTIES 


We are equipped to supply standard mating parts for 
use with 2C.39, 2C-40, 2C-43 and 3C-37 tubes, or 
custom made parts in related fields. 


Grounding strips and contact fingers can be supplied 
in standard or special contours. 


"Flea" contacts for subminiature tubes. 


SHORT-RUN SERVICE 


For those who need quick delivery of parts in pilot 
quanuties or require a low-cost proving ground for 
spring designs. I-S methods eliminate expensive tool 
ing. Laboratory controlled, precision produced—yet 
at lower cost than is possible with permanent, high 
activity tools, 


We are equipped to handle conventional stampings 
in short runs or in high production. 


A COMPLETE ENGINEERING AND 
SAMPLE SERVICE 


let 


copper may be designed to ht your needs 


234-K Bergen Boulevard Little Falls, New Jersey Ample stock, flexible facilities, short set-up 


Telephone: Little Falls 4-0280 
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hatever length or style of Special 
W Linkages you need, capable 
TOUREK Engineers will develop 
the ONE best and most economical de- 


sign for your specific needs. They can 
be supplied spring loaded or plain. . 


male or female . 
plated or not.. 


. straight or bent. . 
solid or tubular. 

During 36 years of specializing, we've 
developed thousands of types for various 
applications. Critical customers have al- 
ways depended upon us for UNIFORM 


J. J. TOUREK 


aA 


?Tourek 


BALL JOINTS 
The Recognized "STANDARD" 


TOUREK BALL 
JOINT LINKAGES 
CAN BE SPECIALLY 
DESIGNED FOR 
YOUR NEEDS! 


fine quality and the ACCURACY they 
need to assure top performance and long 
life. TOUREK also assures you of de- 
pendable service . . all work is consci- 
entiously scheduled . . and delivery 
made “on-time” to meet production re- 
quirements. 


Although the best in Ball Joints is an 
outstanding TOUREK specialty we also 
produce SCREW MACHINE PRODUCTS 
of every description, in large volume. 
Write for complete information today! 


MFG. CO. 


ESTABLISHED 1920 
1901 SOUTH KILBOURN AVENUE, CHICAGO 23, ILLINOIS 


. UP TO 2-5/8" DIAMETER SINGLE AND MULTIPLE SPINDLE MACHINES .. THREADING + TAPPING • 
MILLING DRILLING + GRINDING + POLISHING + PLATING + HEAT TREATING + SILVER SOLDERING + 


WORLD'S LARGEST MANUFACTURER OF “STANDARD” BALL JOINTS 
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PROTECTION 


USE od JEWEL BEARINGS 


COMPLETE JEWEL ASSEMBLIES 


Cut assembly time, lower costs, stops 
rejects by specifying complete jewel 
assemblies for your products. Special 
mounting techniques developed by 
Bird provide assemblies, set in screws 
or bushings of any style, to 
specifications — ready for immediate 
installation. Prove it in your 
plant — send a print with specifica- 
tions — we'll provide samples for test- 
ing. 


your 


own 


NEED SHOCK PROTECTION? 


Bird mounted with resilient 
silicon rubber provide real protectio: 
for movements under severest condi- 
tions. Variable cushioning to suit dif- 
ferent operating conditions; 
ings of any style; controlled jewel 
movement; elimination of rejects and 
tear-down due to faulty adjustment 

actual tests prove these advantages 


jewels 


mount- 


can be incorporated into your instru- 
ments at low cost by Bird 
Cushion Jewel Assemblies. 


ا 


using 


for built-in accuracy and performance 


Low torque instruments and control devices must operate with 
the lowest possible coefficient of friction for true accuracy. 
Bird Jewel Bearings, of sapphire or borosilicate glass, insure 
precision performance and longer instrument life because they 
are made to exact tolerances under strict quality control 
methods. Bird jewels are used in the world's most famous air- 
craft, electrical and timing instruments; all tvpes of recorders; 
and fine indicating apparatus. 


Bird Jewels are available in a wide variety of styles in standard 
sizes or supplied to customers specifications — mounted or set in 
bushing or screw type assemblies. The engineering staff is at 
your service for all small bearing problems. A request on your 
letterhead for Bulletin 100-12 will bring complete information. 


Over 40 years of serving industry with Quality jewel bearings 


Hird 
JEWEL BEARINGS FOR 


AIRCRAFT INSTRUMENTS 
WEATHER RECORDERS 
AMMETERS 

COMPASSES 

DIAL GAUGES 

TIMERS 

WATTMETERS 
VOLTMETERS 

TEST & RECORDING 
INSTRUMENTS 

MARINE INSTRUMENTS 
PARKING METERS 


SAPPHIRE AND 
JEWEL 


GLASS JEWELS, PRECISION GLASS 
MOUNTING AND ASSEMBLY SAPPHIRE 
| Spruce Street, Waltham 54, Mass. 


GRINDING 


STYL 


Product Engineering — Mid-October, 1956 





With a half century of experience in the anti-friction 
bearing industry, it was only natural to expect from The 
Heim Company origination of the modern methods in pro- 
ducing Unibal, the single ball spherical bearing. 


Heim pioneered not only in the perfecting and manufacture of the 
. ` spherical bearing, but in its introduction to American, as well as 
foreign, manufacturers. 


a o 


SELF ALIGNING 
BALL BEARING FLANGE UNIT 


SELF ALIGNING 
BALL BEARING PILLOW BLOCK 


4 
SELF ALIGNING 
FLANGED BALL BEARING 


The single ball (Unibal) construction, because 
of its free action, compensates for shaft mis- 
alignment and deflections in all directions. There 
is ample provision for lubrication 
around the ball, and the greater sup- 
porting area carries heavier loads. 


-~ 


This is the Heim Unibal Rod End. It operates on the same 
principle, but is mounted in a suitable housing for use in 
push-pull applications. The exploded view, at the right, 
shows the two bronze bearing inserts (the 

race) ready to be expanded into the hous- 

ing and around the ball. 


ROLLER BEARING 
FLANGE UNIT 


Heim Unibal Spherical Bearings are available in a 
wide range of stock sizes, the Rod Ends are made in 
both male and female types, and complete stocks are 
carried by bearing distributors throughout 


the country 
It is not only the low price of the Unibal ( 
Rod End, but the simplicity of attaching it 


that bring the overall cost down. Many 
applications require only a drilled and 
tapped hole for the male rod end — or a 
drilled hole, with a bolt or screw for the 
female type. 


4 


а 


ROLLER BEARING 
PILLOW BLOCK 


FLANGED ROLLER BEARING 


A 


f 
| 


A 


Please write for complete catalog and name of nearest 
Direct Factory Representative or Distributor. Heim 
Unibal is also manufactured, under license, in England, 
Germany, Switzerland and other European countries. 


CENTER FLANGE, SEALED, 
BALL OR ROLLER BEARING 


THE HEIM COMPANY 


FAIRFIELD, CONNECTICUT 
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. «(® б: 
over 100 designs of C MÝ INDUSTRIAL SLIDES 


Ask For 

This Important 
Working Data 
The Grant Industrial 
Slide Catalogue is a 
working manual on 


built-in accessibility. 


Ask us to mail your 
free copy. 


to meet every operating situation! 


accessibility 
space saving 
speedy maintenance 


Grant Industrial Slides afford substantial, practical mountings for nearly 
all types of assemblies—electronic, hydraulic, pneumatic, mechanical. 
They allow quick access...the pivoting types permit testing or work on 
underside as well as top of chassis...also provide for quick release of 
chassis for bench servicing. Slide mounting usually eliminates need for 
rear access doors and rear aisles—a very important saving of space. 
Grant slides are soundly engineered, durable and dependable. 

Load capacities range up to 500 lbs. and more. 


Grant engineers and representatives in all important industrial areas 
offer specialized experience—will aid in working out custom variations to 
adapt standard slides to especially exacting requirements. 


4 га nt INDUSTRIAL SLIDES 


Grant Pulley and Hardware Corporation 
31-77 Whitestone Parkway, Flushing 54, N. Y. 
944 Long Beach Avenue, Los Angeles 21, Calif. 
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Precision Rolls for Textiles, 
Paper, Plastics, Printing and 
General Industry. Engraved 
Applicator and Plate Rolls for 
Flexographic Presses 


oe 


For Printing, Converting and 
General Industrial Service — 


PAMARCO 


MICRO-PRECISION 
ROLLS 


‘lubular, solid, engraved, 
rubber covered, 

chrome plated, 

chill and warm 

surface 


CUTAWAY SHOWS HOW 
EXCLUSIVE PROCESS FUSES 
ENTIRE JOINT INTO ONE 
SOLID MASS, INSURING EX- 
TREME RIGIDITY, TUBE CON. 
STRUCTION REDUCES WEIGHT, 


PAMARCO offers engineered rolls for every 
industrial purpose. Precision quality, complete 
service and fast delivery make Pamarco your 
dependable source for all roll requirements. 
For heavy duty or light duty, all are accurately 
built, economically produced and feature ground 
finish to exact specification. Rigid quality con- 
trol through all stages of production and thor- 
ough inspection before shipment guarantees 
satisfactory service from every. Pamarco roll. 
TECHNICAL ASSISTANCE — Our engineering staff 
will gladly make recommendations on your partic- 
ular roll requirements without obligation. For com- 
plete engineering service, call or write. 


4*4, 
SS 
«uut 

«444 «t 


WEE “4 for applying locquer and other 
finishes 


PAMARCO ENGRAVED 
APPLICATOR ROLLS 


PAPER MACHINERY & RESEARCH * INC 
1014 OAK STREET © ROSELLE, NEW JERSEY 
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Products | 
р That Roll | 


Be SURE With — 
Metal Disc Wheels; 


п LLI |: All Sizes & Kinds! 


CONSULT ALLIED ON ALL 
YOUR SMALL WHEEL NEEDS! 


€ Build quality—lasting service—sales ap- 
peal — customer satisfaction into your 
product with ALLIED Wheels! Big range 
of stock sizes and types — or produced 
to your precise specifications. Priced 
"right"; with dependable delivery to 

meet your production schedules 


ALLIED Wheels.... 
. PRECISION MADE TO 
/ ; YOUR SPECIFICATIONSI 


WRITE DEPT. PE 


RA LLIE Е | B WHEEL PRODUCTS, INC. 


27 BROADWAY * TOLEDO 4, OHIO 


Representatives And Warehouses In Principal Cities 


Rubber Tired, 


Get this 
Valuable Guide to 
PUSH-PULL REMOTE 
CONTROLS 


40-page 
illustrated 
Remote Control 
Catalog 


Here is a valuable “щш A 
technical guide that can D 
give you important background 


information toward solving your remote control 
problems. The various basic flexible and rigid con- 
trol combinations, locking devices, fittings, etc., are 
shown together with information on the custom 
manufacturing of controls to your specifications. 


Write Today 


ARENS controts, inc. 


2013 Greenleaf Street, Evanston, Illinois 
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Get your Free copy of this NEW 28-page catalog on 


J) TRU-LOC Wire Rope Assemblies 


with streamlined swaged fitting 


: » design 
ше complete dests 
B J 


Angs 
g drawinb? Assemblies 


ineerin 
gine : Wire Rope 


; s and en : 
октор fferent types ° 


Detailed p all di 


information 


e Every Design Engineer should have in his library a copy 
of this new 28-page catalog which gives complete information 
on TRU-LOC Wire Rope Assemblies. Dimensions, engineering 
drawings, material specifications, wire rope breaking 
strengths, information on coatings and finishes —all the de- 
tailed design information you need. 
TRU-LOC Precision Wire Rope Assemblies are a 
combination of swaged TRU-Loc fittings and Preformed 
Wire Rope, made complete at our factory to your specifi- 
cations. They are often used to replace expensive linkages 
or hydraulic systems. They simplify assembly, reduce 
production costs, save space and improve the appearance 
of finished products. 

No matter what your product, TRU-LOC Wire Rope 
Assemblies may be just what you need to solve a tough 
design or operation problem. They have been success- 
fullygused on products ranging from outboard motors to 
military tanks. 


Write today for your Free copy of this comprehensive 
new catalog. Experience may prove it to be one of your 
most valuable reference works. 


Wire Rope Sling and ———————— س س کس‎ 
Industrial Assemblies Department l AMERICAN CHAIN & CABLE CO. 


AMERICAN CHAIN & CABLE gp comer 


Please forward my copy of your New 28-page 
Better catalog TL-500 on TRU-LOC Wire Rope Assemblies. 
Wilkes-Barre, Pa., Atlanta, Chicago, Denver, Houston, | КИН ле ынанан алынады: 
Los Angeles, New York, Odessa, Tex., Philadelphia, Va уе дда 
) Pittsburgh, Portland, Ore., San Francisco, Bridgeport, Conn. m 


In Canada: Dominion Chain Co., Ltd., Niagara Falls, Ont. City 








An 


> 


CREATES .a Spring... 


This is an Accurate Spring! It's 
different than the rest, because it's 
designed and engineered for its Job. 
It has been created by Accurate's 
skilled craftsmen who approach all 
spring problems with experience 


and imagination 


When YOU need the best of springs, 


held to the closest tolerances and 
manutfacturt d at the lowest cost — 


YOU need Accurate! 


acutae 


IX Л ЕЕ 


ACCURATE SPRING MANUFACTURING COMPANY SPRINGS 


3815 West Lake Street + Chicago 24, Illinois WIRE FORMS 
STAMPINGS 
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Catalogs and Bulletins continued 


(R-8) HeEAvy Duty CLUTCHES 
Bulletin 120-D, 7 pp, describes en 
closed clutches, driving spiders and 
rings, throw-out yokes, hand levers 
Twin Disc Clutch Co., Racine, Wis 


(R-9) BALL SCREWS AND SPLINES 

Bulletin, 4 pp, provides table of capac- 
ities, dimensions, ball nut data, torque 
ratings. Beaver Precision Products, Inc., 
651 N. Rochester Road, Clawson, 


Mich 


(R-10) NYLON TUBE FITTING—Bul 
letin, 4 pp, describes a lightweight 
nylon fitting impervious to most acids 
and alkalies and guaranteed not to 
crack or leak under normal conditions 
Jaco Mfg. Co., Box 2659, Cleveland 7 
Ohio 


(R-11) BALL BEARINGS Bulletin 
S-61, 4 pp, has data covering types of 
ball bearings, sizes, installation and 
suggested applications. Freeway Wash 
er & Stamping Co., P. O. Box 1756 
Cleveland 5, Ohio 


(R-12) MOLDED FRICTION ELEMENTS 

Bulletin 550, 16 pp, has section on 
engineering design data so product de- 
signers can determine shapes and sizes 
in which these products can best be 
produced. Chamfers and radii are illus- 
trated. Machinability and dies are also 
covered in detail. Raybestos-Manhat- 
tan, Inc., 6010 Northwest Highway, 
Chicago 31, Ill 


(R-13) ROLLER BEARINGS—Bulletin 
H-54A, 55 pp, describes cam follower, 
integral end shoulder and guided roller 
bearings. McGill Mfg. Co., Valparaiso, 
Ind 


(R-14) EXPANSION JOINTS—Catalog 
53, 24 pp, gives details of construction 
and specifications together with direc 
tions for ordering and application data 
for various piping systems. Cook Elec 
tric Co., 2700 N. Southport Ave., Chi 
cago 14, Ill 


R-15) LONG-STROKE DIAPHRAGM 
Catalog B. F. 150, 16 pp, describes 
various classes of long-stroke, deep 
convolution diaphragms. Included are 
tables of standard sizes, available mate 
rials, dimensional data tables and de 
sign data. Illustrated with photographs 
and application drawings, it will be 
kept current by subsequent technical 
mailings. Bellofram Corp., 144 Moody 
St, Waltham 54, Mass 
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In many of today's best heating and air condition- 
ing units you'll find famous McQuay “Ripple 
Fin" Coils as original equipment. McQuay coils 
perform a big job efficiently and economically 


, 


for “Brand Name" manufacturers who specify 
McQuay because of proven “Ripple Fin" design, 
the extended surface that provides maximum 


heating or cooling. 


The mechanical expansion of copper tubes into 
plate type aluminum fins gives superior contact 
between fins and tubes. Multi-row coils have 
staggered tubes for prolonged air contact. 

The flexibility of McQuay design permits thou- 
sands of tube and fin variations and assures you 
the most efficient coil for your application. Mod- 
ern manufacturing facilities speed coils for your 
production schedules. 


%4” Tube Coil With 15 OEM Sales Engineers across the 


Nation, McQuay, Inc. can give you prompt 


engineering service. 


1600 BROADWAY N.E., 
MINNEAPOLIS 13, MINN. 


I 


5" Tube Coil 
k UP ani | А | HEATING ° AIR CONDITIONING ‘° REFRIGERATION 
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Compression & Tension Type 


Aircraft cable is strung with spherical steel 
shells in a rigid or flexible housing sealed 
with “O” rings. 3" standard bend radius. 
X" minimum bend radius. 


Three Types: 


l. Light Duty — Compression Ult. Lood 1250 
Ibs.; Ult. tension 960 Ibs 


2. Heavy Duty — Compression Ult. Load 1650 
Ibs.; Ult. tension 960 Ibs. 


3. Extra Heavy Duty— Compression Ult. Load 
3050 Ibs.; Ult. tension 3900 Ibs. 


Modernize your push-pull control system with 
Southwest Mechanical Push-Pull Controls. 
Eliminate bell cranks, pulleys, and dual 
cables. Send for ENGINEERING MANUAL 
giving detailed prints and complete specifica- 
tions covering materials, finishes, capacities. 
Please address Dept. PE-56 


SOUTHWEST PRODUCTS CO. 


1705 So. Mountain Ave., Duarte (Los Angeles ба!!! 


"MONOBALL" 


Self-Aligning Bearings 


ROD END 
PLAIN TYPES TYPES 


ext 
INT 
PATENTED UR A 


مجه جحي باس م © 


CHARACTERISTICS 


ANALYSIS RECOMMENDED USE 


Stainless Steel { For types operating under high temper- 
Ball and Race ature (800-1200 degrees F 


Chrome Moly For types operating under high radial 
Steel Ball and Race ultimate loads (3000-893,000 Ibs 


Bronze Race and For types operating under normal loads 
3 Chrome Moly Stee! Ball { with minimum friction requirements. 
Thousands in use. Backed by years of service life. Wide variety 
of Plain Types in bore sizes 3/16” to 6” Dia. Rod end types in 
similar size range with externally or internally threaded shanks. 
Our Engineers welcome an opportunity of studying individual 
requirements and prescribing a type or types which will serve 
under your demanding conditions. Southwest can design special 
types to fit individual specifications. As a result of thorough 
study of different operating conditions, various steel alloys 
have been used to meet specific needs. Write for revised Engi- 
neering Manual describing complete line. Address Dept. PE-56 


SOUTHWEST PRODUCTS CO. 


1705 So. Mountain Ave. * Duarte, California 
LOS ANGELES COUNTY 


DIMCO-GRAY Stock plastic 
KNOBS...HANDLES 


\\ c 
ec e Qu rum 


Fake NO TOOL CHARGE! 


Dira. Wide selection of stock knobs, han 


oseo eis dles and plastic parts available without 


tooling cost to you! Many minor changes, 
(color, design, inserts, threads, special 
i materials, etc.) can be made to meet your 


WRITE FOR THIS requirements. 
COMPLETE CATALOG! 


DIMCO-GRAY COMPANY . 


206 EAST SIXTH STREET * DAYTON 2, OHIO 


bp cmm npa use" 


è 


“LOCKWELD” Swivel Casters -Without King -Pin 


ENN CHECK these unmatched advantages 
$ xo —* No King-Pin. Patented "LOCKWELD" 
o 1 construction eliminates the major 
Р cause of caster failures. 
M Patented leg designs — disperses 
shocks and overloads. 
Larger raceways and ball bearings — 
for faster, easier swiveling. 
Fairbanks Series 23" double ball 
race swivel casters, 3 


YOURS ON RE- 
QUEST: Casters 
and wheels 
catalog com. 
plete with spe 
cifications 


Fairbanks Series Fairbanks Heavy | Fairbanks Series 
21" single ball ! Duty Series "27" | “500” Vulcan 
race swivel cast- double race, ized Rubber 
ers, 2" to 3 ! swivel costers Tired Wheels 


er Fairbanks products thre 


ody ! serve y 
k 3, New York 


always re 


йг у! i 
393 Lafayette Street, Ne 


w Ү 
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NEW DEPARTURE 


BALL BEARINGS 


Self-sealed bearings simplify 
design...cut maintenance costs 


New Departure originated self-sealed ball bearings to elimi- 
nate the most common causes of bearing wear and failure— 
such as abrasive dirt and improper lubrication. Since then, 
more than 300,000,000 New Departure sealed bearings have 
been produced in various types to fit the specific requirements 
of industry. Seals are available to keep out foreign matter, 
ranging from dust and dirt to corrosive gases . . . to retain 
lubricants, varying from heavy grease to light oil . . . to 
provide the protection that assures longest life. 


New Departure's latest advance, Sentri-Seal, embodies exclu- 
sive features which importantly improve both bearing per 
formance and range of application. Because of its design, 
Sentri-Seal provides controlled, highly efficient sealing with 
low torque and is not materially influenced by axial move 
ment due to bearing end play within prescribed tolerances 


Sealed ball bearings offer the electric motor 
and machine tool builder many advantages 
They simplify design, make it possible to 
mount mofors in any position, cuf maintenance 
to a minimum, and eliminate the need for 
relubrication for long periods of operation 


WRITE FOR COMPLETE INFORMATION ON 
NEW DEPARTURE SEALED BEARINGS! 


NEW DEPARTURE * DIVISION OF GENERAL MOTORS CORPORATION eœ BRISTOL, CONN. 
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SAVE DESIGNING AND 


MANUFACTURING TIME 
with these 


Standard components 
ror Special MACHINES 


COMPLETE your special production 
equipment faster with standard 
components from this extensive 
line. Highest precision and qual- 
ity—many sizes available from 
stock. Get complete details ! 


STANDARD 
^ 


ASSEMBLIES 


Available in 52 types and sizes. 
Basic Type includes male and 
female members, gib and gib 
screws. Assembled Type also has 
return springs, stop screw, Neo- 
prene shield and mounting holes. 
Sliding surfaces furnished either 
Milled or Hand Scraped. Widths 
from 2” to 6'’—lengths from 
5” эр 16". 


STANDARD 


в 


M 


Available in Collet Type for 4%", 
36, апа 1⁄4” max. capacity collets; 
Morse Taper Type for No. 0 and 
No. 1 Morse taper shanks; and 
Arbor Type for shankless cutters 
with 0.375" and 0.500" center 
hole. Standard Duty has single 
row ball bearings at both ends; 
Heavy Duty has double row bear- 
ings at front. 


WRITE wow for FREE catalog! 


RUSSELL T. GILMAN, Inc. 


628 Beech St. 
GRAFTON, WISCONSIN 


» 


A WIDE RANGE OF 
MATERIALS 


e VELLUMOID, VELLUTEX, VELBES- 
TOS—familiar names of gasket ma- 
terials—are now supplemented by the 
beater-mix VELBUNA group. 


e VELBUNA gaskets are fuel and oil 
resistant, have high torque retention 
and stand up in vigorous service. They 
are solving difficult sealing problems 
on equipment meeting the severest 
conditions. 


e Send for samples and our “Gasket 
Handbook. 


VELLUMOID COMPANY 


56 ROCKDALE ST. 


LIESS AN 


* WORCESTER, MASS. 


MARSH 


If it's a pressure gauge or dial = 


mometer, Marsh makes it. 


Ў ХА کر‎ 


. and makes 


it better. The types, ranges end case styles 
are endless. What is "special" to other 
instrument makers is often standard to 
Marsh. To know the scope of Marsh 


instruments— 


Write for 
this 
fact-filled 
catalog 


MARSH INSTRUMENT CO. Sales Affiliate of Jas. P. Marsh Corporation 
Dept. 39, Skokie, III. © Marsh Instrument & Valve Co. (Canada ) Ltd., 8407 
103rd Street, Edmonton Alberta e Export Dept, 3501 Howard Street, Skokie, ill. 
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Catalogs and Bulletins continued 


(R-16) RUBBER-IN-SHEAR MOUNTS 
—Catalog RS-55, 4 pp, describes vari- 
ous types of vibration mountings, with 
load capacities ranging from 40 to 
10,000 Ib, together with non-walking 
base-plates that eliminate creep or 
walking and the need for lagging them 
to the floor. Finn & Co., Inc., 200 Cen- 
tral Ave., Hawthorne, N. J. 


(R-17) BUSHINGS — Slide rule type 
selector gives dimensions and other 
data on liner type bushings. Also has 
decimal equivalents chart. Universal 
Engineering Co., Frankenmuth, Mich 


(R-18) HEAT EXCHANGERS — Bulle- 
tin, 4 pp, contains dimensions, draw- 
ings, weights, capacities of fixed bundle 
heat exchangers designed for engines, 
machine tools, processing machinery, 
other industrial equipment. Yates- 
American, Beloit, Wis 


(R-19) FIRE-RESISTANT PULLEYS- 

Folder, 4 pp, describes pulleys which 

stop combustion when flame is re- 

moved. This non-after glow character- 

istic helps prevent secondary fires WRITE US 
Includes cut-away diagrams of ball 

bearing pulleys, standard control pul- FOR 
leys and complete specifications. Made 

of high pressure laminated plastic 


Formica Co., Cincinnati 32, Ohio RECOMMEN- 
(R-20) FLEXIBLE COMPRESSION FIT- 

TINGS—Catalog, 12 pp, gives specifica DATIONS 
tions on fittings for steel pipe and 

copper tubing. Dresser Mfg. Div., 

Bradford, Pa 


(R-21) CLUTCHES Bulletin ML 
102-A, 7 рр, describes applications ot 
heavy-duty clutches, giving dimensions, 
capacities, construction. Airflex Div., 
Fawick Corp. 9919 Clinton Road, 
Cleveland 11, Ohio. 


(R-22) POWERED METAL BEARINGS 

Booklet, 30 pp, includes sizes for 
sleeve, flange, double and single hub 
spherical type bearings, and for thrust 
washers. Sections also are devoted to 
this company's bearing material, which 
is available in solid bar, cored bar and 
plate form. Keystone Carbon Co., St. 
Marys, Pa. 


(R-23) SPRAG-TYPE CLUTCHES — 4 

Catalog 103-C, 8 pp, contains cut-away , ELECTRIC WHEEL COMPANY 
photographs, cross-section drawings, 2805 SPRUCE~ QUINCY, ILLINOIS 
application suggestions and dimensions 

and engineering data. Formsprag Co., 


23601 Hoover Road, Van Dyke, Mich 
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" MINIATURE PARTS 


^^ CUSTOM Cm 
MOLDED DD 


CUSTOM MANUFACTURE of SMALL PARTS 


Instrument Pivots 

e As separate items or mounted in components—special steel, heat 
treated for moximum hardness, polished, metallographic finish. To 
specifications up to s” diameter 

Shafts and Staffs 

e Burrless, plain or alloy steel, heat treated to specifications. Metal. 
lographic finish 

. Tubuler Products up to 36” Diameter, Cut, Flared, Swaged, Formed 


and Burr-Free. Alloy or Silver Plated 
@ Screw-Machine Products up to X," Diameter 


(Du PONT TRADEMARK) SERVICES FOR CUSTOMERS’ PARTS 
e A Multitude of Services are Available for Customers’ Parts at Any 
Stage of Manufacture. These Include: Controlled.Atmosphere Heat. 


IN THIN SECTIONS Treating, Centerless Grinding, Surface Grinding, Special Facilities 

for Ceramic Rods ond Shapes, Knurling, Thread-Rolling to close 

tolerances, Swaging, Drilling, Milling, Burr Removing, Metallographic 

AND SHAPES "T Polishing, Barrel-Ploting in Alloy or Silver, light Punch-Press Work. 
SPECIALTIES 


e “Welton” noncorrosive paste solder for hoirsprings or similar 


soldering. 
CAN IMPROVE PRODUCT PERFORMANCE e '"Wentonoil" treated bottonwood pith. for lubricating. instrument 


pivots. 


APPARATUS DESIGN SERVICES 1 
AND CUT REPLACEMENT COSTS e In Connection with the Design ond Fabrication of Precision Minia- 


ture Parts. 


m — 7 ENGINEERING ASSISTANCE ON ALL ITEMS 


TEFLON is not a substitute for rubber, 
leather, or other sealing materials... VV elton V B К oh nson 
TEFLON is in a class by itself, and | ENGINEERING COMPANY 'ч‹ 

there is no substitute for quality and cA Bs м ымын „М. 2 


performance. 
Expand your line... 


TEFLON has a combination of chem. save retooling costs 
ical, electrical and mechanical prop- 


erties unmatched by any other single 
material. Such characteristics as 
chemical inertness, resistance to cor- 
rosion, high heat resistance, tough- 
ness, high dielectric strength, low 
co-efficient of friction offer you design 
and product-improvement opportuni- 


ties never before possible. It’s Easy 
when you choose 
Gleason Wheels 


Here's How — 


9999090990000 09558 5»092060 


Te evaluate "Teflon" for your 
own use... without cost or obligation, 
product quickly and eco- 


а SEND FOR FREE эмеси — Sp | nomically without retool- 
SPARTA REPORTS ON TEFLON” 7 апа ing, or other costly pro- 


$99. VER MN езе а. à duction changeovers. Select various sizes and constructions of 
b Gleason Standard Steel disc, semi-pneumatic wheels. Over 

200 wheel hubs, plus hundreds of tire choices give you more 

TEF, than 600 possibilities. Add variety to your line the 

The First Cost Can Be the economical way with Gleason Steel disc wheels. 


L 
least... If THI - =- - — вы 
It Is The Last Cost! т | Steel's the Deal When You Choose a Wheel! | 


ШП 


Create new models of your 


ANCA У үу ҮМ 
DIAL ZZ 272 АГ АТА 
ШШЩ 


Get the facts about the superiority of 
Gleason Steel Disc, Semi-pneumatic 


A A Wheels! Write, right NOW, to 
eer Miu z.. 


PHONE 4-2380 | 262 N. 12th Street . Milwaukee 3, Wisconsin 
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Catalogs and Bulletins continued 


(R-24) SINTERED BEARINGS—Bulle- 
tin 18, 6 pp, discusses design require- 
ments, metallurgical requirements and 
alloy selection of sintered metal bear- 
ings for various applications. United 
States Graphite Co., Saginaw, Mich 


(R-25) ROLLER BEARINGS—Booklet, 
8 pp, describes line of bearings having 
cages which keep rollers spaced out 
and aligned at their pitch circle. Roller 
Bearing Co. of America, Sullivan Way, 
W. Trenton, N. J 


(R-26) CONSTANT-FORCE COMPRES- 
SION SPRING—Bulletin 313A-1-55, 16 
pp. discusses characteristics and prop- 
erties of the spring, materials, design 
formulas, and design standards. Hunter 
Spring Co., Lansdale, Pa 


(R-27) MINIATURE BALL BEARINGS 

-Catalog 1955-56-C, 4 pp. Basic di- 
mensions and dynamic capacities for 
over 300 standard radial ball bearings 
and over 50 other standard ball bear- 
ings are illustrated and tabulated. Mini- 


Keene, 


ature Precision Bearings, Inc., 


N. H. 


(R-28) VIBRATION HANGERS—Cata 
of vibration hangers. The rubber-in- 
shear type consists of a durable, bonded 
spot-welded 
inside a steel housing. The steel spring 


rubber-in-shear isolator 
type consists of a helical steel spring 
enclosed in a steel housing. T. R. Finn 
& Co., Inc., 200 Central Ave., Haw- 
thorne, N. J 


(R-29) DOUBLE-ENVELOPING GEARS 

Bulletin CA-55, 12 pp, gives engi 
neering details on the assembly proce 
dure for double-enveloping worm gear 
ing. Cone-Drive Gears Div., Michigan 
Tool Co., 7171 E. McNichols Road, 
Detroit 12, Mich. 


(R-30) MECHANICAL TUBING—Bul 
letin TB-360, 4 pp, describes carbon, 
alloy and stainless steel tubing. Bab- 
cock & Wilcox Co., Beaver Falls, Pa 


(R-31) SPRING DESIGN— Data sheets 
discuss residual stresses, stress concen 
tration, design stress, fatigue life and 
the effects of elevated temperatures 
Hunter Spring Co., Lansdale, Pa 


(R-32) MACHINE TOOL CLUTCHES 

-Bulletin 134-B, 12 pp, describes oil 
type and dry type clutches. Twin Disc 
Clutch Co., Racine, Wis. 
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UP TO 1,000 


PRECISION INDEXES 


PER MINUTE 
with the 


FERGUSON DRIVE! 


Geneva Drives and Other Obsolete Indexing Devices 
Lack Precision, Limit Production and Wear Excessively... 


Geneva drives have abrupt acceleration characteristics. 
When operated at high speeds to correspond to the 
capacity of the rest of the machine, the tremendous 
shock of the sudden starts and stops soon wears out 
the drive and other parts of the equipment and causes 


fl, ˆ GENEVA DRIVE 


Ratchet 


vibrations and backlash that effect product quality. 
mm ш The plain fact is: genewa drives limit the production 
of many otherwise modern machines! 


and crank mechanisms have almost instan- 


taneously applied accelerations. Speeds must be kept 
down to hold dynamic forces within limits. Even with 
strong auxiliary braking action, overtravel is extreme 
and accuracy very poor. 


Of all types of indexing devices, only the Ferguson 


RATCHET & CRANK 


) 


Drive bas all the advantages of bigb speed, precision, 
low maintenance and design versatility! 


HERE’S WHY THE FERGUSON DRIVE DOES WHAT 
NO OTHER INDEXING MECHANISM CAN DO... 


1. .001” Precision; Zero Backlash 


Preloaded ball bearing followers roll along 
tapered sides of hardened and ground cam 
rib. Two rollers are in contact with rib at 
all times. While in “rest” position, followers 
are engaged and locked with zero backlash 
by straight portion of rib. No auxiliary 
locking is required. Built-in precision per- 
mits operation at maximum speed, 


2. Lower Maintenance 


Ferguson Drives are rated for a minimum 
of 8,000 hours precision operation. When 
finally necessary, the Drive may be renewed 
for a like period by replacing standard ball 
bearings. Cams Баре been im use for 25 
years with no signs of wear! 


3. High Speed Indexing 


Selection of movement and timing are in- 
dependent. '"Wasted" rest time can be 
utilized. Movement time can be reduced. 
Modified trapizoid acceleration permits oper- 
ation at speeds up to 1,000 indexes a min- 
ute without effecting the Drive, machine or 
product adversely! 


4. Reduced Vibrations 


The modified trapizoid acceleration gives 
smooth starting and stopping, with mini- 
mum shock and vibration. In many cases 
where the Ferguson Drive has replaced a 
geneva drive, production has increased as 
much as 100%. The Ferguson Drive may 
do this for your production machinery, too! 


Write for Catalog of Stock and Standard Ferguson Drives 


FERGUSON MACHINE CORPORATION 


ROLLER GEAR DIVISION, DEPT. B-D, P. O. BOX 5841, ST. LOUIS 21, MO. 
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SPRING DESIGN 
LITERATURE 


Available on Request 


The Hunter Spring Company will 
send, free, any of the valuable 
reference literature listed below. 
When requesting material, please 
identify by number and title. 


HELICAL SPRINGS: 


Tension, Compression, Torsion 


MD-454 . . . ANALYTICAL APPROACH TO COM- 

PRESSION SPRING DESIGN (A method for 
finding best design when gradient is not 
fixed) 


EM-1253 . . . DESIGNING SPRINGS FOR OPTI. 
MUM PERFORMANCE (Contains recommended 
spring specification form) 


MD-1151 . . . WORKING STRESSES FOR 

HELICAL SPRINGS 

MD-953 . . . DESIGNING SPRINGS (How to 
achieve simplification and reduce costs in 


designing tension, compression, torsion 
springs) 


PE-655 . . . TORSION SPRING DESIGN (New! 
A design procedure for torsion springs) 


CONSTANT-FORCE SPRINGS: 


NEG'ATOR Springs and FLEX'ATOR Springs 


ME-552 . . . THE THEORY AND DESIGN OF 

LONG-DEFLECTION — CONSTANT-FORCE SPRING 

ELEMENTS (A thorough study of the NEG'ATOR 
Spring including design formulae) 


DN-450 . . . NEW SPRING MOTOR (A de- 
scription of two constant-torque spring 
motors based upon the NEG'ATOR Spring) 

310E . . . THE NEG'ATOR CONSTANT-FORCE 

EXTENSION SPRING, PRELIMINARY DESIGN 

DATA 


310Mb . . . THE NEG'ATOR CONSTANT-TORQUE 
MOTOR, PRELIMINARY DESIGN DATA 


310P . . . THE NEG'ATOR CONSTANT.TENSION 

BRUSH SPRING, PRELIMINARY DESIGN DATA 

PE-954 . . . CONSTANT-FORCE COMPRESSION 

SPRINGS (Comprehensive data on the new 
FLEXATOR Spring including operating 
characteristics, force-deflection relation- 
ships, effects of design parameters on per- 
formance, applications) 

313A-1-55 . . . THE FLEX ATOR SPRING, PRE- 


LIMINARY DESIGN DATA (A guide to the de- 
sign and application of a new constant-force 
compression element) 


HUNTER SPRING COMPANY 


18 Spring Ave. e Lansdale, Pa. 
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de PANEL ENCLOSURES 


External í All welded 
mounting К. enclosure. Seals 
feet ` ovt oil, water, 
Um dust. 


Available from stock 
^.^. LC-NEMA Type 12 


, External 
Heavy gauge X cover 
"A oy clamp 
Padlock 
hasp 
Blueprint 


holder ` a. Baked 
| enamel interior 
ү | 4- (white) 
Neoprene Ж Removable 


gosket 
seal 


These panel enclosures are strong, rigid, cleanly 
finished, and comply fully with J.1.C. and NEMA 
12 specifications. No knockouts, no holes to 
admit oil, water, dust. We have stock sizes at 
low cost for fast delivery. Or, we can make any 
size you want. We also make J.1.C. Wiring 
Boxes, Troughs, Push Button Stations and Rain- 
proof Power Outlets. Can we help you? 


STANDARD STOCK SIZES 
"x12"x6"  30'x20'x6"  36"x30" 
"' x 16" x 6" "x24'x6" —42"x30" 
" x 20" x 6" P 'x 8" — 42" x 36" 
^ k 20" x 6" "x 24'x 8" — 48" x 26" 


A ENGINEERING 
CORPORATION 


_ Dept. PED 1-32, Anoka, Minnesota 


PRESSED STEEL WHEELS" 


SEMI-PNEUMATIC AND SOLID RUBBER TIRES 


Standard sizes 6” to 16”. Custom sizes engi- 
neered to your requirements. Send your specifi- 
cations . . . complete wheel manufacturing 
facilities. 
* AVAILABLE WITH 
Roller, ball, oilite or bronze bearings 
Thru hub bearings 
Positive lock hubs 
Drive hubs 
Welded or riveted construction 
Bolted wheel construction for easy tire replacement 


D a for new Goddeyne catalog ы. 


GODDEYNE WHEEL PRODUCTS | 275. 


1352 N. Mclellan St. * Bay City, Michigan Mfg. Co. 
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Catalogs and Bulletins continued 


(R-33) VIBRATION MOUNTINGS — 
Catalog SS-55, 4 pp, describes construc- 
tion details, methods of damping ex- 
cursion, controlling sway and thrust, 
load capacities and dimension tables 
T. R. Finn & Co., Inc., 200 Central 
Ave., Hawthorne, N. J 


(R-34) MAGNETIC CLUTCHES AND 
BRAKES—Catalog 955, 8 pp, covers 
line of miniature magnetic clutches 
and brakes. Dial Products Co., 9 Ave 
E., Bayonne, N. J 


(R-35) Two-HAND CLUTCH CON 
TROLS—Catalog 65, 11 pp, describes 
line of safety controls for production 
equipment such as various kinds of 
presses. Micro Switch, Freeport, Ill. 


(R-36) LATTICE MOUNTINGS— Bul 
letin 701, 4 pp, illustrates mounting in 
use on a vibrating screen, foundry 
shakeout and heavy motor-generator 
A list of the additional uses 1S included 
Reference table contains dimension 
and capacity data. Lord Mfg. Co., 1635 
W. 12 St., Erie, Pa 


(R-37) GEARS Catalog G-655, 76 
pp. contains illustrations, diagrams, 
definitions, tables, charts and explana 
tions regarding all types of gears. There 
is also presented a simplified method 
of calculating horsepower ratings of all 
types of gearing. Philadelphia Gear 
Works, Erie Ave. and G St., Philadel- 
phia 34, Pa 


(R-38) VIBRATION MEASUREMENT 
—Booklet, 64 pp, covers the meaning 
of vibration terms, description of vi- 
bration-measuring instruments, proce 
dures, typical examples, and interpreta- 
tion of results. A short section is 
devoted to the human response to 
mechanical vibration. General Radio 
Co., 275 Massachusetts Ave., Cam 
bridge 39, Mass 


(R-39) FLARELESS TUBE FITTINGS— 
Bulletin 385-D, 8 pp, describes fittings 
for high pressure that require no flar- 
ing, welding, threading or soldering. 
Imperial Brass Mfg., 1200 W. Harrison 
St., Chicago 7, Ill. 


(R-40) RUBBER Privor JoiNTS—Bul 
letin 703, 4 pp, discusses operating fea- 
tures and advantages. Illustrations show 
how joints are used on truck trailers, 
heavy-duty trailers, industrial lift trucks 
and off-highway trucks. Lord Co., 1635 
W. 12 St., Erie, Pa. 


work of 50 
Pape P 
б — „ 
or 5,000 imensional 
poo TR 


ZR. cams... 


dimensional CAMS 


Ir Automation . . . Instrumentation . . E 


Supersonic Aircraft— wherever true automatic 

control is needed, 3 dimensional cams by Parker can literally 
make machinery "think". By controlling relative motions through 
geometric and non-geometric curves, these mechanical "brains 
take virtually any two variables and extract the correct functional 
resultant in a split second. Parker machines ultra precision 
into thousands of specified cam stations and to all intermediate 
points between stations! For prototype, master or production runs 
of 3 dimensional cams—you devise the problem, Parker will 

i engineer and machine the answer! 


Send today for "3 Dimensional Cams" — 
technical data on Parker's ability to make 


superhuman functions automatic. 


ast 


SIAMP WORKS. IN( 
CAM. DIVISION 
FRANKLIN AVENUE @ HARTFORD, CONNECTICUT 
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How To This new ENGINEER'S 
MANUAL takes you 
on a step-by-step 


[) е 5 i 0 n course of designing 


wire cloth strainers to 

Your Banane. in 

cusses weaves, 

ШИ ее 

tion, flow rate, fabri- 

STRAINER E ae i yos 
free copy. 


MICHIGAN 
WIRE CLOTH CO. 


2040 Howard Sireet 
Detroit 16, Michigan 


+ 


уой MICHIGAN 


Draws the Wire 


need | Weaves the Cloth 


Fabricates the Part 


in one continuous production line 
reserve 


POWER 


.for a proper 


rt — 


stock molds modified to _ 


Often product engineers fail in the search 


meet your — f ^ s 
© 


> 


for a proper spring because none meets exacting 
requirements for even distribution of energy 
and even flow of power. Reserve power is 
often the answer — reserve power such as is built 
into Sandsteel's springs through a unique 
crosscurving process. The convex-concave 
construction furnishes more energy per wind and 
an even release from wind to unwind. Many 
engineers have found Sandsteel Springs the 
answer to their design problems. 

Talk to Sandsteel about your spring | Rogan's stock molds greatly reduce 


problems. Write for FREE LIT- your knob costs. Markings can be 
ERATURE and CASE FILES. bronded to fit your requirements. 


Special shaft holes at nominal 
Dept. 46 


SANDVIK STEEL, INC. 
Sandsteel Spring Division | 
Fair Lawn, N. J 


charge. Send for details on how 
to cut knob costs. 


ROGAN BROTHERS 


8025 N. Monticello - Skokie, Ill. 
ME Compression mococes And peanoers OF PLASTICS ] 
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Catalogs and Bulletins continued 


(R-41) FLEXIBLE METAL HOSE 
Catalog U-333, 20 pp, contains appli- 
cation data on metal hose products 
made in bronze, carbon steel, Monel, 
nickel or stainless steel. Universal 
Metal Hose Co., 2133 S. Kedzie Ave., 
Chicago 23, Ill. 


(R-42) MAGNETIC PULLEYS—Bulle 
tin 303C, 14 pp, includes specifications 
on magnetic pulleys and pulley separa- 
tors. Stearns Magnetic, Inc., Milwaukee 
46, Wis. 


(R-43) SPRINGS Brochure, 8 pp, 
contains illustrated directions and other 
instructions for specifying springs 
Automatic Spring Coiling Co. 4045 
W. Thorndale Ave., Chicago, Ill 


(R-44) NEEDLE ROLLERS — Catalog 
61, 12 pp, includes a listing of standard 
sizes of needle rollers plus application 
data which includes capacity and de- 
sign specifications. Kaydon Engineer 
ing Corp., Muskegon, Mich. 


(R-45) WHEEL BEARINGS—Bulletin, 
54 pp, contains comprehensive infor- 
mation on wheel bearing types, selec 
tion, mounting, lubrication, as well as 
comparative charts on combined radial 
and thrust capacities. Hartford Steel 
Bearing Co, 95 Elm St, Hartford, 
Conn. 


(R-Á6) VIBRATION MOUNTINGS - 
Catalog FP 55, 4 pp, gives load capaci 
ties and frequencies, illustrations of 
typical installations. T. R. Finn Co., 
Inc., 200 Central Ave., Hawthorne, 


N. J. 


(R-47) THREE-DIMENSIONAL CAMS 
Folder, 4 pp, evolution of three- 
dimensional cams, theory to working 
product. Parker Stamp Works, Inc., 
650 Franklin Ave., Hartford, Conn 


(R-48) ELECTRIC CLUTCH — Folder, 
4 pp, describes electrically actuated dis- 
connect couplings with static torque 
ratings ranging from 52 to 788 lb-ft 
Warner Electric Brake & Clutch Co., 
Beloit, Wis. 


(R-49) SPRINGS—Doata sheets, 10 pp, 
include subjects such as spring index, 
coil diameter variation, modulus and 
physical properties of spring materials, 
tolerances and a comparison of cost 
and physical characteristics of spring 
materials. Hunter Spring Co., Lansdale, 
Pa. 
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BELFAB 
BELLOWS 


"PRECISIONEERED" 
TO YOUR 
SPECIFICATIONS... 


a more positive approach to bellows design. 


Belfab Bellows are scientifically and accurately calcu- 
lated from formulas and curves that are based on 
research data compiled during the last few years . . . 
data that was never before available to industry. 

For the first time a scientific approach to convolution 
form is possible, which now permits maximum perform- 
ance within practical design limits. 


NOTE THE RELATIVE ADVANTAGES OF 
“BELFAB Precisioneered Bellows” versus 
hydraulically-formed bellows, from the table: 


BELFAB HYDRAULICALLY-FORMED 


Minimum ID .28" .156" 
Minimum OD > i ү 


Maximum OD "30" , 6" 


Maximum fixed by available 
Tooling. Minimum as required. 


Flexing Much greater. Limited, fixed, and subject 
Action Con be tailored to application to wide tolerances. 


As required. 


Can be reduced to 
negligible values 


Higher and relatively fixed. 
| Any weldable metal such as Only ductile moterials can 
monel, iconel, stainless steel, etc be used 


No limitation. No limitation. 


Lowest cost for small lots High tooling cost for specials. 
in special sizes. Competitive Lowest cost for any quantity in 
costs in special materials. standard sizes and materials. 


Belfab Bellows are extremely flexible, have high resistance to surge 
or shock loads and stand up under high temperatures. Welding 
techniques we have developed permit the welding of thin gauge 
metals with exceptional success. Tooling costs are low for experi- 
mental units, or short run production. 


WHY NOT SEND US YOUR PROBLEMS AND PRINTS TODAY! 
Our engineers will gladly help you solve your bellows needs. 


THE BELFAB CORPORATION 


Precisioneered Bellows * 7 Ramah Circle, Agawam, Mass. 
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е GRAPHALLOY is the Registered 
Trade Mark for our unique 
products. These are combina- 
tions of graphite and metal. 


FOR DRY APPLICATIONS—Where oil cannot be used 
1) IN HIGH TEMPERATURES... where oil would volatilize and 
where fumes would contaminate the product. 

2) Ar RooM TEMPERATURES. In heavy duty, low-speed ma- 
chinery (particularly with vibration), where oil or grease 
would squeeze out. In medium duty, medium speed, oil and 
oiling schedules are eliminated. In special usage ...Graphalloy 
does not attract dust or lint (and their abrasive action); 
does not contaminate foodstuffs or pharmaceuticals; in in- 
strument applications Graphalloy eliminates the meniscus 
drag of oil-lubricated bearings. 


3) Мм кс менлик Graphalloy Bushings have no 
lubricant that will solidify. In oxygen pumps there is no oil 
to form an explosive mixtures. Graphalloy exceeds MIL 
specifications (operates to minus 450°F). 


SUBMERGED APPLICATIONS 
Pump bushings and seal rings, step or foot, conveyor, or roll 
bearings...submerged in water, gasoline, acids, dyes, or food 
products and pharmaceuticals. (Graphalloy is inherently 
stable—no swelling in submersion). 


SPECIAL HIGH SPEED APPLICATIONS 

Up to 100,000 RPM, where some extremely low viscosity 
lubricant other than oil is used...such as air, water, gasoline 
or steam. 

*NOTE: Babbitt, Copper, Bronze, Nickel, Silver and Cadmium 
Graphalloy types are provided regularly and new grades are con- 
tinually being developed. All applications are carefully engineered 
to your design requirements and all parts are accurately finished. 


УАШ) УШУ 


GRAPHALLOY has very long life! 
Customers have reported 15 to 
20 years service without oiling 
or maintenance. 


TYPICAL 
GRAPHALLOY APPLICATIONS 


At High Temperatures 


Ovens and Kilns * Dryers * Stokers 
Conveyors * Turbine Safety Bushings 
Pulleys and Sprockets 


At Medium Temperatures 

Bushings for Instruments, for Tex- 
tile, Printing, Food, and Dairy 
Machinery 


Pump Bushings and Vanes 


Inaccessible Bushings as in blowers 
and fons 


Foot and Guide Bearings, Thrust 
Washers, Cam Rollers, Piston 
Rings, Friction Discs, Seal Rings, 
Rotary Joints 


At Low Temperatures 


Oxygen Pumps e Potentiometers 
Timers e Outdoor Signal Equipment 
Airborne Servomechanisms 


. self-lubricating 


CONTAIN NO OIL 


PILLOW BLOCKS, 

non-self-aligning or 
self-aligning. The self. 
aligning in some types can 
be furnished split. 

HANGER BEARINGS 

for ovens, oven convey- 
ors, or kilns. 


ia SPECIAL TYPES of 

metal-backed bushings, 
as for spider-type construc 
tion. 


о SPROCKET and GEAR 
HUB ASSEMBLY 


BLOCK bushings with 

square or rectangular 
external dimensions for 
housings. 

GROOVED or SPLIT 

bushings for applica- 
tions where they must be 
installed in halves. 


Send for Bushing Inquiry Form 107A and descriptive literature. Our broad application experience is available to solve your problems. 
APH Alloy 
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Infra-Red Windows 
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e Extreme Hardness (MOH-9) 
e Surface Finish To "O" RMS 


McGRAW-HILL 


TECHNICAL WRITING SERVICE 


WRITES * EDITS 
ILLUSTRATES 
PRINTS 


YOUR publications ... 
to YOUR specifications 


TWS relieves you of all or 
any of the many problems 
encountered in the produc- 
tion of your . 


High Infra-Red Transmission 
Easily Bonded To Metals 
Ground e Flame Polished e Polished 


Write Today for Full Details 


INDUSTRIAL SAPPHIRE COMPANY 
BOX 422, QUAKERTOWN, PA. 


EQUIPMENT MANUALS - HANDBOOKS 
PRODUCT CATALOGS- TRAINING AIDS 
PAMPHLETS — REPORTS — BROCHURES 
1 COMPANY HISTORIES — PARTS LISTS 
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WRITERS — EDITORS — ARTISTS 
ARE AT YOUR SERVICE 
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Project Consultant 
TWS—McGraw-Hill 
330 W. 42 St. NYC 36 
Phone: LOngacre 4-3000 
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USE TIME-SAVING 
COUPONS BELOW 


. +. to request further information on 


all products advertised in this Digest Section 


‚ .. to request your copies of product catalogs 


and bulletins listed and described in this section 


( you will find similar coupons at the end of each Digest Section ) 


Consult the Product Index begin- 
ning on page 12, when you want 
all available information on a 
particular type of product; this 
Product Index is your guide to all 
advertisements in this Design Di- 
gest Issue by manufacturers of 
this type of product. 


Circle these numbers for further information about 
advertisers appearing in this section 


F52-3 F54 F55 F56 F57 F58 F59 F60 F61 
F62 F63 F64 F65-8 F69 F70 F71 F72 F73 
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If you have specific questions to ask about any 
product advertised, a letter direct to the manu- 
facturer, at the address given in his advertise- 
ment, will be welcome. For clarity and prompt 
service, include reference to PRODUCT ENGI- 
NEERING’S Product Design Issue, and page num- 
ber of the advertisement prompting your letter. 


Circle these numbers for further information about 
advertisers appearing in this section 
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NEW BOOKS 
Fastening and Joining 


Brazing Manual. Prepared by Com- 
mittee on Brazing and Soldering, 
American Welding Society. 6 x 9 
in., 193 pp. Published by Reinhold 
Publishing Corp., 430 Park Ave., 
New York 22, N. Y. $4.75. 


A much-needed book on one phase 
of welding that is increasing in im- 
portance. Prepared by a committee of 
experts in the field, an attempt 
made to develop standards for the in- 


was 


dustry, including terminology. As a 
first effort, it is well done and should 
prove valuable to designers for refer- 
ence as well as for basic information 
on the brazing process 

There are 11 pages on joint design, 
and the appendix contains a complete 
table of properties of brazable metals 
and alloys for handy reference. 

The book discusses the 8 standard 
brazing processes, including all oper- 
ations from precleaning and surface 
preparation to post-braze cleaning and 
inspection for aluminum, magnesium, 
copper, steels, iron, nickel and other 


metals and alloys 


Handbook of Fastening and Join- 
ing of Metal Parts. V. H. Laughner, 
Editor, Modern Materials Handling, 
and A. D. Hargan, formerly Super- 
vising Design Engr., Bell Tele- 
phone Labs., Inc. 9 x 11 in., 656 pp. 
Published by tbe McGraw-Hill 
Book Co., Inc., 330 West 42nd St., 
New York 36, N. Y. $15. 


This is by far the most comprehen- 
sive and useful book on the subject 
that has ever been published. It covers 
all commonly used methods of fasten- 
ing and joining including threaded 
fasteners, lock nuts, riveting, staking, 
welding, brazing, bonding with adhe- 
fasteners 
such as couplings, clutches, keys and 


sives and other mechanical 
splines 

The 
parts 


divided 
the first section of the book dis 


material is into two 
cusses the advantages, limitations and 
other design and performance charac- 
teristics of the above-mentioned fabri 
cation techniques and equipment 


The second section of the book is 


F90 


perhaps the most useful to the design 
and production engineer. It consists of 
numerous individual articles in sketch- 
caption form. Each article is intended 
to show as many different ways of ac- 
complishing a given design function 
as possible. For example, there are 
articles devoted to showing different 
ways to lock threaded fasteners; how 
to prevent backlash in threaded parts; 
methods of holding and joining elec- 
trical wiring, etc 

Data from this book was compiled 
from three principal sources: the edi- 
torial pages of Product Engineering; 
a manual compiled by the engineers 
and technicians of Bell Telephone 
Labs., Inc.; and standards compiled by 
the American Standards 
and published by the American So- 
ciety of Mechanical Engineers 


Association 


Standards and Dimensions for Taps 
and Dies. Published by the Metal 
Cutting Tool Institute, 405 Lexing- 
ton Ave., New York 17, N. Y. $1.25. 


Proper design of 


semblies involves at least two major 


screw-thread as- 
steps: (1) selecting a standard thread 
so standard tools can be used, and (2) 
choosing a tap drill that gives an ade- 
quate percentage of thread but does 
not overload the tool To assist shop 
personnel and designers, the Institute 
has published a useful booklet that 
covers 

Drilled holes for tapping 

Revision of the 1955 tap standard 


Conversion tables to show new and 
old designations for numbered and 
fractional sizes of taps 


The Institute's standards for taps. 
Tap recommendations for class of 
thread. 


Proportions of the Unified and 
American threads. 

The pamphlet is a valuable and 
convenient compilation of the most 
information in respect to 
taps and tapping, especially the sub 
ject of tap-drill selection. An excellent 
discussion shows why too great a per 
centage of engagement adversely af- 


fects tap life 


essential 


Adhesives for the 
Assembly of Aircraft. Edited by 
Richard G. Newhall, Editor of 
Western Plastics. 8’ x 11 in., 66 
pp. Published by Western Business 
Publications, 274 Brannan St., San 
Francisco, Calif. $4. 


Metal-to- Metal 


Anyone concerned with design, pro 


duction processes or inspection pro- 


cedures of metal-to-metal adhesive 
bonded structures should find this pub- 
lication valuable. It is a well-edited 
digest of twelve papers presented at 
'Metal-to-Metal Ad- 
hesives for the Assembly of Aircraft," 
held at of California 
in Los Angeles, Sept. 9, 10 and 11, 


1954, and sponsored jointly by the 


a conference on 


the University 


University of California and the Air- 
craft Industries Association. 
Important factors discussed include 
environmental influences and the phys- 
ical nature of adhesives as bonding fac- 
tors; reduction of solvent costs through 
applications of high viscosity adhesives 
by extrusion; affect 
the bond strength on aluminum al- 
loys; materials—and process-inspection 


influences which 


methods—for adhesive-bonded honey- 
comb structures; application of attach 
“sandwich” panels, various 


that 


ments to 


fastening methods can be em 
ployed, test methods and sample test 
results for honeycomb materials and 
sandwich materials 


Also 


are: bonded-in and insert edge-bond 


included in the publication 
ing design methods for diffusing con 
centrated loading; tolerances, adapt 
ability to adhesive bonding and struc- 
tural competence of six representative 
sandwich-panel edge designs; tension, 
compression, deflection, strain and fac 
ing-stress data tables for uniformly 
loaded sandwich panels; evaluation of 
stresses existing in bonded plastic 
laminate lap joints; design procedure 
for honeycomb constructions; as well as 
some advantages and limitations of 
such designs for aircraft 

Most 


are 41, are exceptional in detail; 


illustrations, of which there 
the 
16 graphs are adequate in size, easily 
read, furnishing design and production 


people with valuable reference data 
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Fig. 1—(A) Equilibrium diagram of silver-lithium system; W. E. Freeth and G. V. Raynor, Ref. 7—(B) Diagram of copper- 
lithium system; S. Pastorello, Ref. 8. These diagrams show that lithium can be easily dissolved in silver and copper. 


From: Welding Journal 


N. BREDZS 
D. CANONICO 
Armour Research Foundation 
AN EFFECTIVE BRAZING FLUX has 
three principal functions: 

l. To dissolve any oxides present 
on the base metal surfaces which are 
to be brazed. 

2. To prevent the oxidation of these 
surfaces during the brazing process. 

3. To lower the surface tension of 
the molten filler metal, thus promoting 
wetting of the base metal by the 
molten filler metal. 

If a flux can fulfill these three basic 
requirements, the attainment of good 
wettability of the base metal by the 
molten filler metal will not be a prob- 
lem, and a rapid flow of the molten 
filler metal in the capillary gap will 
result in effective brazing. 

Brazing fluxes in recent years have 
been replaced to some extent by reduc- 
ing atmospheres especially in high 
temperature brazing applications. 

Since these reducing atmospheres 
reduce metallic oxides only at higher 
temperatures, they cannot be used for 


С? 


Brazing, Alloys 
With Lithium Additions 


low-temperature brazing or soldering. 
At higher temperatures, however, the 
reducing atmospheres take over the 
functions of a brazing flux: they re- 
duce the oxides on base metal surfaces 
and prevent these surfaces from oxidiz- 
ing during the brazing process. 

Industrial brazing practice shows 
that in numerous instances, for exam- 
ple brazing of stainless 
neither brazing with fluxes nor reduc- 
ing atmospheres yield completely sat- 
isfactory results. 

When brazing stainless steel with 
fluxes, the removal of fluxing com- 
pounds, especially in large articles may 
present difficulties. The comparative 
viscosity of fluxes saturated with metal 
oxides may inhibit the penetration of 
the filler metal into joints with small 
clearances. When this occurs, the re- 
sultant brazed joints are of poor uni- 
formity and low strength. 

In a reducing atmosphere, however, 
at practical brazing temperatures stain- 
less steel is subject to heavy oxidation 
if the atmosphere contains even the 
smallest amounts of water vapor. Braz- 
ing of stainless steel without flux, 


in steels, 


therefore, is usually confined to small 
articles that are protected from oxida- 
tion by very dry hydrogen having a 
dewpoint of —40 F or below. 

To obtain more sound and stronger 
brazed joints, plating of a thin coating 
of iron on stainless steel surfaces has 
been tried to decrease oxidation. 

Copper-phosphorus and silver-cop- 
per-phosphorus self-fluxing brazing al 
loys have been used for many years 
When these are used on copper or 
some copper rich alloys, no flux or re- 
ducing atmospheres are necessary. Dur- 
ing the brazing process, phosphorus 
oxidizes partly by reduction of the 
oxides present on the surface of the 
copper on which the brazing alloy 
flows. The fusible slag resulting from 
this reaction takes the place of the flux 
which is normally added. 

Brazing alloys containing large 
amounts of phosphorus, however, can- 
not be used on ferrous materials, 
nickel, or alloyed material containing 
appreciable amounts of nickel, because 
of the brittle phosphides. 

As deoxidizing additions to self- 
fluxing brazing alloys, only metals hav- 
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G FASTENING AND JOINING 


Table I—Physical and Chemical Properties of Alkali Metals and Other Strongly Deoxidizing Metals 


Free Energy of Oxidation 
Reaction 


AF? 298 —AF? 1000 
K —cal K —cal 


Oxidation 
Reaction 


Melting 

Point of 
the Oxide, 

deg C 


| | 

| | Heat of the | 
I 

| Boiling 


Melting 
Point, 
deg C 


— AH 298 
Oxidation Reaction | K - 


2Li(c) +%O.(g)—> 
2 Na(c) 4- 14 O«(g)— 
2 Na(l) -- 14 O«(g)— 
2 K(c) L6 Ox(g)— 
2K() --l$0&«(g)— 
2 Rb(c) 4- 14 O«(g)— 
2 Cs(c) 
Be(c) 
Mg(c) 
Mg(l) 
24 Al(c) 
46 А1(1) 
Ca(c) 
Ti(c) 
Ba(c) 


Point, | 


Metal deg C | cal 


142.6 134.0 
100.7 91.4 


Li,O(c) 
Na,O(c) 
NasO(c) 
K,O(c) 
K,O(c) 
Rb;O(c) : 45 
Cs;O(c) 300-400 dec 
BeO(c) 2530 
MgO(c) 2800 

16 0;(g)—>  MgO(c) 
+ 14 On(g)—>4AlL:0;(c) 

16 О, (8) + АО, (с) 
+14 O:(g)— СаО(с) 

L6 Ox(g)— TiO(c) 
t16 Ox(g)—  BaO(c) 


Li | 186 
Ма | 97 


1336 
883 


>1700 
1275 

| subl. 

K | 63 760 
Rb 39 688 
Cs 28 . : 705 
Be 2970 
Mg 1103 


ló O:(g)— 
+ Os(g)— 
be O:(g)—> 
Al | 2450 2050 
1440 


3535 
1500 


2580 
1750 


1923 


) 


ing the highest affinity for oxygen offer 
any hope of successfully reducing ox- 
ides of some alloy steels, especially 
those that produce on their surfaces a 
heavy reducible such as the 
chromium oxides, the titanium oxides, 


oxide, 


and the tungsten oxides 

The requirements for such deoxidiz- 
ing metal additions are 

1. A high affinity for oxygen at the 
practical brazing temperature. This re- 
quirement is the most important. 

2. The products of the deoxidizing 
reactions should have comparatively 
low melting points, or these oxides 
should at least form with the oxides of 
the base metal a low melting fusible 
slag 

3. At least a small solubility of the 


deoxidizing metal in the molten braz- 
ing alloy is necessary to manufacture 
the self-fluxing brazing alloy. 

In manufacturing, it is important 
that the deoxidizing brazing flux metal 
have a high boiling point 

Wetting of the solid base metal by 
the molten self-fluxing brazing alloy 
will be promoted if the additions of 
the deoxidizing metal brazing flux 
appreciably reduce the surface tension 
of the molten brazing alloy 

Among the strongly deoxidizing 
metals, Table I, the alkali metals Li, 
Na, K, Rb, and Cs appear to be the 
most suitable for compounding self- 
fluxing brazing alloys. These metals 
have the following properties 

1. Very high affinity for oxygen 


Alloy nodule 


2. Comparatively low melting points 
of the oxides of these metals. 

3. The oxides of these metals form 
low-melting fusible slags with most of 
the oxides of the other metals 

By comparing the properties of the 
metals listed in Table I, it is seen that 
some of the strongest deoxidizers, Be, 
Mg, Al, Ca, Ti, and Ba, have a much 
higher affinity for oxygen than the 
alkali metals Cs, Rb, K, and Na. Lithi- 
um, however, has about the same affin- 
ity for oxygen as the other strong 
deoxidizers. In Table I, the oxygen 
affinity is expressed by free energy, 
and also heat, of the oxidation reaction 
of the metal at a temperature of 298 
K, (25 C), and 1000 K, (727 C) 

Assuming that the rate of the de- 


Table II—Wettability Tests on Polished 


Low-Carbon Steel Surfaces 


5/ее/ bar 


Sample 
Number 


Composition of 
Brazing Alloy 


Diameter of 
Atmosphere Drop, in 


duction coil 195 Ca, balance Ag | Dry helium | 20 
1% Mg, balance Ag | 
1% Al, balance Ag 

| 1% Be, balance Ag 
1% Si, balance Ag | 
1% Ni, balance Ag 
Pure Ag 
Pure Ag 
1% Sn, balance Ag 
1% Zn, balance Ag 
1% Cu, balance Ag 
1% Cd, balance Ag 
1% Ba, balance Ag 
1% Li, balance Ag 


Gas inlet tube | 
Dry helium 25 
Dry helium 33 
Dry helium 40 
Dry helium 40 
Dry helium 40 
Dry helium 40 
10% н,+90%М,) 40 
Dry helium | 40 
Dry helium | 40 
| Dry helium 40 
Dry helium 
Dry helium 65 
Dry helium 75 


Сз 


Gloss jor 


Transite block 


Glass plate 


Fig. 2—Experimental apparatus for wettability tests. Dash 
line over top of bar indicates the shape of the molten drop of 
brazing alloy after wetting the end surface of the bar. 
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crease of the free energy with increas- 
ing temperature is about the same for 
lithium as it is for sodium and potas- 
sium, an approximate extrapolation 
shows that the free energy of the oxi- 
dation reaction for lithium at a temp- 
erature of 1000 K (1340 F) should 
be about 100 to 115 K-calories. 

As shown in Table I, the melting 
points of the oxides of the strongly 
deoxidizing metals are higher than 
those of the oxides of the alkali metals. 
Moreover, the oxides of Be, Mg, Al, 
Ca, Ti, and Ba are highly refractory. 

Of the alkali metals, only lithium 
has a high enough affinity for oxygen 
to be able to reduce most of the metal- 
lic oxides; also, only lithium has a 
high enough boiling point (1336 C) 
for effective manufacturing of practical 
self-fluxing brazing alloys. 

Only the quite high melting point 
of lithium oxide makes lithium not 
altogether favorable for composing 
self-fluxing brazing alloys. Lithium 
oxide, however, forms low-melting 
slags with most of the metallic oxides 

The binary phase diagrams Figs. 
1(A) and (B) show that lithium can 
be easily dissolved in silver and in 
copper, which are two of the most im- 
portant metals used for brazing alloys 
Consequently, the self-fluxing proper- 
ties of lithium bearing brazing alloys 
were investigated and the following 
conclusions arrived at 


1. Experiments on the wettability 
of low-carbon steel drill rod and 303 
stainless steel with a molten alloy of 
1 per cent lithium and 99 per cent 
silver fully confirm that lithium is a 
most suitable metal for developing 
self-fluxing alloys. 

2. Small additions of lithium to 
silver result in self-fluxing brazing 
alloys that are capable of brazing car- 
bon and alloy steels without either flux 
or reducing gases 

3. Small additions of lithium con- 
siderably lower the wetting contact 
angle of molten silver on carbon as 
well as on stainless steel surfaces, thus 
promoting good wettability and fluid- 
ity of the lithium bearing silver alloys 

4. Some preliminary brazing experi- 
ments performed in air indicate new 
possibilities for developing self-fluxing 
air proof brazing alloys. 


Investigation and Experiments 


The first step was an investigation 
of the wetting of slightly oxidized 
SAE 1020 steel surfaces by molten 


G4 


Fig. 3—Molten drops of pure silver on the end surfaces of steel bars.—( A) On 0.20 
carbon steel—(B) On drill rod, 1 per cent carbon.—(C) On 303 stainless steel. 


Fig. 4—Molten drops of 1 per cent lithium—99 per cent silver alloy on the end 
of steel bars.—( A) On 0.20 carbon steel.—(B) On drill rod.—(€C) On 303 stainless. 


Table IlI—Tensile Test Results of 
303 Stainless Steel Bars Brazed With Lithium-Silver Brazing Alloys 


Joint | Ultimate 
Specimen Lithium Bar Dia, | Thickness | Fracture Tensile Protective 
Number per cent | in Average, in. | Load, lb. | Strength, psi Atmosphere 


LAS 263 ‚5038 | 
LAS 264 4916 | 0.0055 | 9880 
LAS 265 4974 ‚0058 8650 
LAS 266 | 5060 .0065 | 8100 40,300 |1095 H;4-9095 N; 
LAS 271 .5000 .000185| 8950 | 45,600 | N: 
LAS 272 5066 000136| 9800 | 48,600 N: 


52,100 N: 
44,500 |10% H:+90% Nı 


.0054 | 9750 | 48,900 N: 


т 


Note: All bars were cooled in air after brazing. Except for Specimen LAS 272, all metallic bonds were 
absolutely sound and voidless. Bond in specimen LAS 272 showed some nonmetallic inclusions. 


silver alloyed with a deoxidizing ele- To exclude heavy oxidation of the 
ment. The chemical analyses of these steel surfaces and also the oxidation 
alloys were: | of the deoxidizing elements on the 
| molten silver surface during the heat- 
ALLOY ANALYSIS ing and the subsequent spreading peri- 
Al-Ag — 1.0996 Al balance Ag ods, the wettability tests were carried 
Ba-Ag 0.56% Ba balance Ag out in a helium atmosphere. Since it is 
Be-Ag 0.91% Be balance Ag not feasible to obtain an absolutely 
Ca-Ag 0.899 Ca balance Ag dry helium atmosphere, the steel sur- 
Cd-Ag 0.87% Cd balance Ag faces became slightly oxidized during 
Cu-Ag — 1.1696 Cu balance Ag the heating period. The resulting thin 
Li-Ag 0.37% Li balance Ag film of iron oxides on the steel surface 
Mg-Ag 0.8396 Mg balance Ag created almost ideal conditions for 
Ni-Ag 1.23% Ni balance Ag testing the deoxidizing abilities of the 
Si-Ag 1.02% Si balance Ag various silver base alloys at practical 
Sn-Ag 0.75% Sn balance Ag brazing temperatures. | 
Zn-Ag 0.9896 Zn balance Ag The apparatus used for the wettabil- 
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ity tests is shown in Fig. 2. The speci- 
mens were 24 in. dia low carbon steel 
bars 3 in. long, the end surfaces of 
which were ground and polished. Each 
bar was placed vertically in the induc- 
tion coil as shown in Fig. 2. A small 
nodule of silver alloy was placed pre- 
cisely on the center of the polished 
upper surface of the bar. The weight 
of each nodule was exactly 1 gram 

The apparatus was then covered by 
the glass jar and helium gas was flowed 
into the jar for 10 to 15 minutes. After 
the air in the jar was completely re- 
placed by helium, a high frequency 
current was started through the coil 
Shortly before the nodule melted, the 
characteristic blue signifying 
slight oxidation appeared on the sur- 
face of the steel bar 


color, 


As the nodules melted, they spread 
rapidly over the polished end surfaces 
of the bars. Just after the molten alloy 
drop formed, the power was turned 
off, the bar cooled down to room tem 
perature, and the spreading diameter 
of the solidified drop was measured 

In Table II 


spreading diameters of the 


are given the average 
various 
silver alloys as formed during testing 
on the ends of the steel bars 

The molten 1 per cent 
per cent silver alloy not only spread 
over the entire end surface of the bars 
but even flowed over the edges and 
wetted the side surface. The high affin- 
ity of lithium for oxygen and the low 
melting point of LigO, or more cor- 
rectly, the low melting point of Li;O- 
FeO slag apparently are responsible 
for the high deoxidizing and wetting 
ability of this self fluxing alloy. 

After the drop measurements were 
taken, the ends of the bars were cut off 
and cross sectioned through the longi- 


lithium-99 


tudinal axis of the bars. These sections 
were photographed under a 150 mag- 
nification the 
interfaces formed were then studied 


and steel-silver alloy 


Wetting of Drill Rod and 
303 Stainless Steel 


Using the same experimental ap 
paratus, techniques, and silver alloys, 
as used in the investigation of the 
wettability of low-carbon steel, tests 
were made for wettability of slightly 
oxidized surface of drill rod steel (1 
per cent carbon) and slightly oxidized 
303 stainless steel surfaces 

In these tests, only the 1 per cent 
lithium-99 per cent silver alloy showed 
the same high wettability on drill rod 


Product Engineering — Mid-October, 


and stainless steel surfaces as on low- 
carbon steel surfaces. The 1 per cent 
barium-99 per cent silver alloy yielded 
quite good wettability on carbon steel 
surfaces, but quite poor wettability on 
303 stainless steel surfaces 

In Figs. 3 and 4 are shown enlarged 
photographs of drops of pure silver 
and drops of 1 per cent lithium-99 per 
cent silver alloy on the tops of low- 
carbon steel, drill rod steel, and 303 
stainless steel bars. In Figs. 5 and 6 are 
shown the steel-silver interfaces of the 
same specimens after cross sectioning 


Left Edge 


Fig. 5 (A) 


Left Edge 
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These tests indicate that small addi- 
tions of lithium to pure silver consid- 
erably decrease the contact angle of 
the molten silver on carbon steel and 
on alloy steel surfaces 


Brazing Experiments With 


Lithium-Silver Alloys 


To investigate the practical applica 
bility of the 
alloys in brazing of carbon and of 


lithium bearing silver 


stainless steels, alloys of the following 


1 


compositions were prepared l | 


Center 


Fig.5(A) 


Center 


Silver 


Fig.5 (B) 
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Fig. 5(C) 


Fig. 5—Steel-pure silver interfaces revealed by cross sectioning, in dry 
steel.—( B) 


atmosphere.— (A) Low carbon 


1956 


Fig.5 (C) 


helium 


Drill rod.—(C) 


steel 
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303 stainless 





per cent lithium, 99 per cent silver; 
(2) 2 per cent lithium, 98 per cent 
silver; and (3) 1 per cent lithium, 28 
per cent copper, 71 per cent silver. 
The first two alloys were prepared 
by melting 50 grams of degasified pure 
with the desired amount of 
lithium in recrystallized alumina cruci- 
bles. The silver was degassed by re- 
melting commercial (not completely 
oxygen free) silver in a 10 per cent Ho 


silver 


plus 90 per cent N, atmosphere. To 


minimize the amount of moisture in 


the protective gas, the silver was melt- 
ed in a vacuum after purging the 
gas. The 


same melting procedure was followed 


glass jar with dry helium 


Left Edge 


Fig. 6 (A) 


Left Edge 


Fig.6 (B) 


Left Edge 


in the preparation of the third alloy, 
except that instead of pure silver a 
commercial BAg-9 brazing alloy was 
used for the testing. 

For use in brazing, these alloys were 
cold rolled into sheets 0.063 in. thick 
and then cut into suitable strips. 

The 1 per cent lithium-99 per cent 
silver alloy and the 1 per cent lithium- 
28 per cent copper-71 per cent silver 
alloy even after standing in air for 
one week, and after dipping in water 
for 24 hours, showed no signs of cor 
rosion or decrease of self-fluxing prop 
erties when tested 

The 2 per cent lithium-98 per cent 
silver alloy was not quite as corrosion 


Center 


Fig. 6 (A) 


Center 


. 


Fig. 6 (B) 


Center 


Fig.6 (C) 


Fig. 6—Interfaces of steels and 1 per cent lithium—99 per cent silver alloy, in dry 


helium atmospheres.—( A) Low carbon steel.—(B) Drill rod.—(C) 
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resistant and not as ductile as the other 
two alloys. In the fractured brazed 
joints, this alloy showed some signs 
of nonmetallic inclusions, presumably 
Lig O, ШОН, апа Li5O-FeO. Joints 
brazed with this alloy had a maximum 
tensile strength of 48,600 psi, which 
was almost the same as the maximum 
tensile strength (52,100 psi) of the 1 
per cent lithium-99 per cent silver 
alloy brazed test joints 

A series of slightly oxidized 303 
stainless steel bars, 34 in. dia and 3 in 
long were brazed with 1 per cent 
lithium-99 per cent silver alloy and 2 
per cent lithium-98 per cent silver 
alloy. These bars were brazed by in- 
duction heating, some in a 10 per cent 
Н» plus 90 per cent No atmosphere 
and others in dry nitrogen atmosphere 
After brazing, the bars were turned 
down to standard 0.505 in. dia tensile 
test specimens. In Table III the results 
of the tensile tests are summarized. 

Some 303 stainless steel strips were 
torch brazed in an oxy-acetylene atmos- 
phere with the 1 per cent lithium-99 
per cent silver alloy. The joints were 
sound and quite strong 

Some slightly oxidized 303 stainless 
steel bars were brazed with 1 per cent 
lithium-99 per cent copper alloy under 
nitrogen atmosphere. Maximum tensile 
strength of these bars was 39,500 psi 
on a 0.00012 in. thick joint. 

Some 303 stainless steel strips torch 
brazed in an oxy-acetylene atmosphere 
with 1 per cent lithium-99 per cent 
copper alloy yielded strong joints. 
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Included in this survey i$ 
the Handbook of Fastening d 
Metal Parts by Vallory Н: 
Augustus D. Hargan. Pub 
McGraw-Hill Book Co., Ines 


locking 


TYPES Ol ENTED 


Riveting is a popular method of fastening and joining be SE 
of its simplicity, dependability and low cost. Compared wit} 
other methods—screw or bolted joints, welding or brazing—it 
requires no additional work or supplementary parts. In 
simplest form, riveting consists of inserting a ductile metal pir 
through holes in two or more parts and forming over the end 
of the metal pins to se 

A fastening that | е [ on y interference fit 

replace key, splines, nuts and bolts, and rivets. since 

ference fit is required, the fasteners are normally spring 

by compression of the [ in the drilled hole. The actior 
Gripspring is similar to th d is therefore 

Pins have many application те Gripspring 

mounting of hubs on st 

A method used to in ase the load irrying capa 

softer metals, plastics, and woods. Units may be threaded int 
a tapped or drilled hole, driven-in to a hole, or screwed int 
threaded hole depending upon the type of insert or the appl 
cation. In most instances, they are self locking. Threads 
inserts are manufactured to screw thread standards and t 


most classes of fits 


Locknuts may be divided into two general classes: (1) nuts tl 
lock themselves to the screw because of interference between 
internal and external threads; and (2) nuts that are free spin 
ning until they engage a bearing surface, which causes the lock 
ing action. The following groups exist when locknuts are divided 
by construction characteristics: (1) those using an insert of 
soft or resilient material; (2) nuts that are deformed in a few 
threads near the outer surface either radially to an elliptical 
shape, or in lead or angle; (3) nut shaped to take advantage of 
the spring effect of the material from which it is made; and (4) 
those depending on a wedging action between an inner and 
outer sleeve, tapered so that the inner threaded part is con 
pressed when the nut is sealed and tightened 


Group includes clamp and spring fasteners that are used to 
latch doors, removable panels and covers on all types of equij 

ment. They vary from heavy duty aircraft units to lightweight 
electronic component units. They may be manufactured with 
almost any type of stud head flush, button, wing nut ind 
many will permit large variations in material thickness before 
another size fastener need be stocked 
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Spirol pin is forr t r 
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steg r other flexible material spirally 


properties may De 


kness of strig 





Groov-Pins are essentially cylindrical 
witt three longitudinal grooves 

oil stock 

Grooves are г‹ г pressed into the 
ylindrical bo deform the pin 

stock within controlled limits. During 
insertion the pin material is pressed 
back and the compression forces of the 
hole wall produce a force fit. (A) shows 
the available types of pins. (B) is an 
application attaching a sprocket and 


gear to a shaft Groov-Pin Corporation 





Rollpins are slotted and cham 
fered cylindrical spring pins, heat 
achieve optimum 
toughness resilience and shear 
strengt? It is formed t« З 
trolled diameter greater than the 
hole into which it is pressed. Pin 
exerts continuous spring pressure 
against the sides of the! e. Unit is easily removable and can be 


re 


used in the same hole Elastic Stop Nut Corporation of America 





Gripsprings splines 


keyways. U converts an 
axial force ir i r : { tween shi ar j (B) shows 
the various I move axially 


ul 


U. S. Automatic Corp 


-x 
1 
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f k 
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Grooved drive stud (A stud (B). Unit replaces 


screws and rivets relying or a force fit of the hole wall and the 


grooved body. (C) shows examples of drive stud application. Ribbed 


stud is designed for any material subject to plastic deformation, such 


as cold and hot rolled steel, zinc die castings, and aluminum or mag 


nesium sand and die castings. Recommended where 


tions are met in an assembly 


extreme vibra 


Groov-Pin Corporation 





Riveting 
6 а 


Exrpiosive 


horge 


я; 


Formed rivet » 


Rivet inserted (B) Rivet exploded 


Explosive rivets are 


locations. Explosive 


is detonated with elec 


panding charged end 


4 


forming a blind head 


E. I. du Pont de Nemours & Co., In« 





[nsertion 


Rivets 


Too! breakline - Too/ break 


Rivet 


(B) Rivet 
set 


or forced Pin broken 
ki ng groove lal tension 


Huck Mfg 


South Chester Corp 








Rivet set 


Break head 


f tw part a 


} 


onsist ¢ OW 


into the 


Pop rivets 


pulls the mandrel rivet ateria 


joint the 


mandrel! breaks at the 


(A) Insertion 


Pull tool 


Mondre/ t Rivet set 


Break mandrel 


ivet and a mandrel 1d or power t 


After upsetting tt 


e necked stem 


Pheoll Mfg. Co 


Rivnuts 

which fits 

ank making 
Rivnut is 


B. F. Goodrich Co 


ipsets the rivet si 


netal-to-metal fit 


1s a nut plate 





(A) Drill hole (B) Mac! 


— —Ó— 


RI LL 
Hollow shank rivets for use in 
end 


sandwich material 


a washer placed over open and the 


or hand operated too! 


hine or dimple countersink 


(D 
over 
close assembly 


oce washer 
open end ond 


Washer 


К ИШИ tat | ls 


Rivet, is inserted 


rivet clinched by a power 


Scovill Mfg. Co 





Locknuts and Bolts 


/ The inner nut is 
Does not slotted above 
seat on this face to al- 
horizontal! low compres - 
line [^71 sion 


| 


Nuts with inner and outer sleeves tapered so that the 
inner threaded part is compressed against the threads 
Resulting wedge action holds nut in assembled posi 
tion. Loss of bolt tension under vibratory conditions 
may cause loosening, so that stresses should be ana 
lyzed. These nuts are free spinning until seated 


Columbia Nut & Bolt Co., Inc. 


Soft or resilient moterioal 


Bolt cuts own 
threaad in collar 


Nut using insert made of a comparatively soft or re 
silient material through which the screw or bolt forms 
its own thread. Inside diameter of the insert is smaller 
than the major diameter of the bolt. Insert material 
may be lead, fiber or nylon. For high temperatures, a 
metallic collar replaces the fiber insert ESNA 


Segmented locking nut. Body position is similar 
to a regular nut. Segmented upper portion ex 
pands as threads enter the section and nut starts 
to lock. When 12 threads of a standard bolt are 
past the top of the nut the unit is fully locked as 
a stop nut. When completely threaded it is fully 
locked as a seated nut. Locking threads press 
inward against the bolt lifting the nut upward 
and causing the remaining threads to bear 
against the lower surface of the bolt threads 


Standard Pressed Steel Co. 


Slotted No stress + Exaggerated 
heod оп head stress on head 


OEE 


Unseated Seated 


Gripping areo 


1000 
carrying 
threads 


Norma! clearance 


V-lock Teenuts are precision-made, re-usable 
one-piece, all-metal, prevailing torque type self-lock 
ing nuts. Upper portion of the nut incorporates a V-type 
notch with the circumference of the barrel compressed 
inwardly towards the axis to form a permanent set 
When a bolt reaches the V-notch it forces the locking 
section of the nut apart creating a strong metal-to 


metal wedging of bolt and threads Carr Fastener Co. 


Gripping action top of bolt 


Elliptical hole 


ormai! 
clearance of 


common nut 


> 


Stover Locknuts are of one-piece, steel construction 
designed to withstand shock and vibration. The lock 
ing feature is formed by a machine that compresses 
two opposite sides of the nut, at the top, into a slight 
ellipse. The natural elasticity inherent in the metal 
gives a powerful spring action between the threads 
of the nut and bolt. Lower threads fit like a common 
nut. Gripping action on bolt is from the upper part 


Nut may be reused Lamson & Sessions Co. 


Segmented sec Locking section 


“Tinian” 


Reau/or nut 


Norma! clearance 


Place Bolts are cold-flanged threaded fastener 
having six slots in the upper face of the bolt 
head. These form an equal number of uni 
form segments around a recessed center and 
with a circular recess formed adjacent to the 
shank in the underside of the bolt head. Circu 
lar recess allows the tightening load to be 
carried on the bearing surface of the un 
derside of the head and causes the segments 
to deflect in and down as they incline towards 


the bolt axis. Cleveland Cap Screw Company 





Pressure for | nserts 
„Е installing ring 
, /s apphied to 
AL, ring only 
Locking ring 
rit 


| 


^ 


ы AAT NAR NR E 


Rosan inserts consist of an externally and internally 
threaded metal bushing and holding ring. Hole in 
part is tapped to fit the external thread of insert 


and is counterbored for the holding ring. Insert is 


Aot e vi 
ANANAS 


inserted nto the tapped hole Holding ring S 


| 


pressed into ounterbored section with the inner 
serrations meshing with the serrations of the insert 
This prevents turning. Stud is held in place 


similar manner to the insert Rosan, Inc 


Threaded insert for re 

movable attachment in 

wood and the softer met 

als. Insert is slipped into Helical wire inserts give a hard, smooth surface 

a drilled hole and pinned high strength in all metals, plastics and wood. U 

in place with a finishing may be used to reduce thread wear and stripping 
nail or pin. Internal thread of insert takes external tween steel fasteners and soft materials or to pre 
thread of part to be fastened Southco Div galvani action, act as an electrical connector 


others. Square tang insert called screw lock B 


77 / the screw so that other locking devices are not needed 
7 | 
) | | . Heli-Coil Corporation 
Е 


threaded connections in 
metals and plastics. Designed 
for machinable materials hav 
ing insufficient shearing 


Y r Tap-Lok inserts for strong 


| ) \ strength to sustain applied » и — E 
v N / N 
` N loads in threads tapped di | = "Т 
rectly into the material. The insert taps its own thread — = - M 


into the drilled hole with the edges of its slotted seg 


A plug nut is a hardened round nut, the bottom en 
ments. When the full diameter threads become ко аф 


of which is reduced diameter and tapered 
engaged, there is a limited displacement of the 


mediately below the head there is an annular gr 
base material that develops a frictional build-up as 
ut into the taper. Nut is pressed into a punched 
the insert in completely seated, creating a frictional 


drilled hole of a predetermined diameter in ferr 
lock in the material Groov-Pin Corporation 


or nonferrous material Insertion of the nut 

presses the material radially so that when the gr 

passes the top surface, the elasticity of the mater 
Near side ' F y 


»stallation ; Б will cause it to flow slightly into the groove, thus ! 


) ) ing the nut in place Lamson & Sessions Co 
^ || 
| | 
д I 
41 2 | 
4 ЖЛ ^ 
с C 1 LL AU 
8 LAG 2 
AX X Ж "m 
iy” t 
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Metal \ , 
tubing Р 
For side 

nstallation 


Anchor nuts are threaded aluminum and stee 


that may be driven into plywood, laminates, wood 
Knurled and threaded inserts for wood, plastic or metal 


other materials of comparable density to form a 
Deep spiral knurling takes a firm grip in a drilled or 


manent thread for machine screws. Nut is driver 
molded hole, resisting both torque and pull-out. Insert a drilled hole and end expanded with a punch or t 
expander. Unit is locked against torque and pu it 


Southco Div. by expanded barbs and deep serrations Southco Div 


may also be swaged into end of metal tubing 





Quick-lock spring fastener. 
Used for assembling re 
movable panels and access 
doors. Quarter turn locks 
unit in place. Stud is self-ejecting when unlocked. Spring 
loading takes initial load; solid support of fastener carries 
increased load 


5pr ng 


Support 


Simmons Fastener Corp. 


Wing ли? 


Adjustable panel latch particularly suited for use on mass 
produced electronic equipment, instruments and closures 
Fastener operates with a quarter turn, latching against 
door frame. Additional turns pull up door to form a seal 


and eliminate vibration Southco Div 


Small, lightweight fastener adaptable to thin materials and 
miniaturized equipment. Quarter-turn locks or unlocks 
the fastener. Other units use a spring loaded rotative 


member inside a retainer Camloc Fastener Corp 


Stud 


Receptacle 


— 
AZ нй 


Lion fastener is suitable for fastening hinged or remov 
able panels or sections. When locked, the joint is held 
tightly sealed by compression of a rugged leaf type re 


ceptacle. Floating spring permits 
semblies of the fastener 


misalignment as 
Southco Div. 


Latches 


Stee/ spring 
arms 


Base XT 
Spring-lock fastener. Used for removable panels where 
the lock goes into a blind hole. Spring steel arms lock 


fastener securely preventing loosening under vibration 
Fastener is self-adjusting for various material thickness 


Simmons Fastener Corp. 


Adjustable pawl fastener 
having a variable grip length 
Variations for frame thickness 
is adjusted by activating knob 
to tighten or loosen. Grip pres 
sure may be varied by addi 
tional turns of the activating 
knob Southco Div. 


H Riveted speed 
NAH nut 
œ- -Panel thickness 
can vary 


Complete 
assembly 


Screw fastener for door and access panels. Large toler 
ance permits use of one grip size regardless of material 
thickness. Floating screw assembly always lines up with 
lock permitting operation even after door or frame may 


have been deformed. Southco Div. 


nner 
receptacle 
me. mber 

Qu fer 
recepftoc/e 
member 
Floating 
housing ^a. 


(C. 4 Shear 


washer 


Shear washer 
= Reta ning 
A 2 n 
I ring 


Receptacle 


Paneloc fastener has a full 
floating receptacle that may 
be capped for pressure seal 
ing. With any one stud length 
the receptacle is adjustable for 
a wide range of sheet pickup 
Opens and closes with a quar 


ter turn Scovill Mfg. Co. 
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D. SWEET 

Tool Engineer 
ALL GENERAL-PURPOSE Acme screw 
threads are designed to allow a certain 
lateral movement when assembled in 
the nut. This end play is related to 
the class of fit required. 

Maximum end play is usually more 
important than minimum end play. To 
find the maximum end play, subtract 
the minimum pitch diameter from the 
maximum pitch diameter of the nut; 
and multiply the result by 0.2586, 
which is the tangent of 14% degrees. 
In the fit as shown in Fig. 1, the maxi- 
mum end play is twice "5 axial end 


play." 
Maximum End Play 


With the help of the nomograms 
that appear on the following pages, a 
simple procedure determines the 
amount of maximum end play afforded 
by Class 2G and Class 3G fits of gen- 
eral-purpose Acme screw and nut 
threads when manufactured within the 
limiting pitch diameters апа toler- 
ances specified in ASA B1.5-1952. It is 
necessary only to lay on the nomogram 
a straightedge from the nominal diam- 
eter to the number of threads per inch 
and read the maximum end play on 
the center scale 

To illustrate the procedure in using 
the nomograms, a dash line is drawn 
on each showing how the axial end 
play is found for a ¥%-8 general-pur 
pose Acme screw having the respective 
class fit. 


Minimum End Play 


The chart shown in Fig. 2 gives the 
minimum end play afforded by Class 
2G, Class 3G, and Class 4G fits of 
general-purpose Acme screw and nut 
threads when manufactured within 
the limiting pitch diameters and toler- 
ances specified in ASA B1.5-1952. The 
value of the minimum end play de- 
pends only on the nominal size or di- 
ameter of the screw 
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End Play of 


Acme Screw 
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End Play of Acme Screw Threads 
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Max. end Threads 
play, In per In 








-— 





г 
М 


Axial end play for 
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End Play of Acme Screw Threads 


MAXIMUM END PLAY FOR CLASS 3 G FIT 


Nominal size Mox. end 
or dia. In 
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Joint Design for 
Adhesive Bonding, 


RICHARD $. PIPER 


Commercial Development Dept 
Minnesota Mining & Manufacturing Co 


SANDWICH 
cellent example of a new design made 


CONSTRUCTION is an ex 


possible only through the use of ad- 
hesives. These sandwiches, generally 
made in the form of panels, are con- 
tributing to radically different design 
architecture and 


concepts in aircraft, 


other fields of construction 
The 
magnesium, can now be joined more 


light metals, aluminum and 
strongly with adhesives than by any 


other method. In thin sheets, bond 
strength may exceed that of the metal 
Welding of aluminum is not 
always feasible because it ruins previ 
ous heat-treatment and drops 
strength of some alloys to less than 4 9 
that of properly heat-treated stock 


Sometimes it is inconvenient or im- 


itself 


the 


possible to weld because of inaccessi- 


Со 


bility or proximity to an area that 
could be damaged Ьу 
Combinations of 
metals or metals with other materials 


the welding 
process dissimilar 
do not lend themselves to welding 
Riveting has the disadvantage of 
high labor cost, weakening of structure 
because of holes, localization of stresses 
and poor resistance to vibration fatigue 
Certain helicopter rotor blades had an 
average life of 90 hr when riveted 
Adhesive assembly boosted life 
expectancy to 1200 hr through im 


the 


proved vibration resistance. This prop 
erty of improved fatigue resistance is 
one reason for the increasing use of 
adhesives in aircraft structures 
Friction materials are now commonly 
bonded to metal in brakes and clutches 
The effective braking area has been 
increased without increasing the brake 
size. Longer lining life is gained be- 
cause linings may be worn thinner 


Basic types of adhesive joint stress. Cleavage and peel are the least desirable for design geometry 


without danger of scoring the brake 
drums by rivet heads 
Summarized in Table I are many of 
the numerous advantages of adhesive 
bonding as a joining method. 
Selection of the 
any particular job, however, requires 


best adhesive for 


consideration of interrelated 


many 
factors. An appraisal of how the joint 
will be made under production condi- 
tions, how stress will be applied while 
the is under load and how the 
may 


have a bearing on the type of adhesive 


joint 


service 


environment affect it all 


used in bonding materials 


Designing for Adhesives 


There are four basic types of adhe- 
sive joints, Fig. 1, tensile, shear, cleav- 
age and peel. Assuming that the ad- 
herends are dimensionally stable—do 
not bend, stretch or otherwise change 
shape or dimension while under stress 

the relative strength of the joint is 
as follows 

1) Tensile—Forces are in a direc- 
tion perpendicular to the plane of the 
joint, thus distributing the force uni- 
formly over the entire area. The entire 
joint is under stress at the same mo- 
ment and all of the adhesive is at work. 
No area is carrying more or less than 
its own share of the total load. There- 
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fore it is a simple matter to calculate 
the unit load at any point in the joint. 

2) Shear—A similar situation exists 
in a shear loaded joint, except that the 
stress direction is parallel to the plane 
of the joint. 

3) Cleavage—Here, as the force is 
applied, one side of the joint is under 
high stress while the other is under no 
load. Theoretically, the unit stress in- 
creases from zero on one side to infin- 
ity on the other. Cleavage-loaded joints 
cannot be as strong as the joint of com- 
parable area under tensile or shear 
loading. 

4) Peel—From а standpoint of 
strength, this is the least favorable type 
of joint. Less of the adhesive contrib- 
utes to strength since the stress is 
concentrated along a fine line at the 
joint edge under load. Most of the ad- 
hesive is under no stress. 

Rarely, however, is a joint ideal 
where the pure 
shear, cleavage or peel. In practice, a 
combination of several stresses exist 


stresses are tensile, 


and the joint design must be carefully 
planned if maximum strength is an 
important design consideration 

For example, in a joint designed for 
tensile loading, the forces often do not 
remain perpendicular to the plane of 
the adherends or one or both adherends 
are dimensionally unstable. In either 
instance, the forces may resolve into 
cleavage or peel stress. 

Forces acting on a shear joint are 
never pure. adherends have 
thickness, it is impossible to grip a 
specimen so that the direction of pull 
is aligned perfectly parallel to the ad- 
hesive bond. If the adherends are com- 
pletely rigid, an element of cleavage is 
induced as load is applied. If the ad- 
herends are thin enough, they will 
bend slightly under load until the bond 
alignment conforms with the direction 
of pull, Fig. 2. However, the edges are 
now subjected to some peel stress and 
are susceptible to failure as the load on 
the part or specimen is increased. 


Because 


Selecting the Adhesive 


An adhesive joint derives its strength 
by using a larger contact area than 
joints of other types. A compromise in 
joint geometry may be made, but the 
adhesive should be selected for the 
type of stress to be met 

When bonding rigid materials for 
tensile or shear loading, the more rigid 
adhesives offer the greatest strength. If 
the joint is required to flex er is sub- 


a. No load 


b. Moderate load 


c Extreme load 
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Fig. 2—Reorientation of shear bond under conditions of increasing load. As load 
increases, thin strips will bend until alignment of bond is in direction of pull. 


Table I—Some Advantages of Adhesive Bonding 


. Distributes stress evenly over entire joint area: 


—eliminate local stress concentrations 
—produce greater strength and rigidity 
—permit use of lighter gage material 


—save weight and material cost 


. Provides continuous contact between mating surfaces: 


—seal and bond in a single operation 

—eliminate time and cost of separate sealing operation 

—permit sealing of joints where it might not otherwise be possible 
—insulate and bond in a single operation 

—prevent galvanic corrosion from dissimilar metal contact 
—minimize corrosion from entrapment of moisture between surfaces 


3. Produces smoother contours: 


—improve aerodynamics of exterior surfaces 

—enhance appearance and aid styling 

—eliminate gaps and bulges common to intermittent fastenings 
—have no external projections, as with some mechanical fasteners 


. Maintains integrity of structural members: 


holes for insertion of fasteners eliminated 
—countersinking to give flush surface unnecessary 
—no excessive heat to ruin heat treatment 


Imparts flexibility to joint 


—improve resistance to vibration fatigue 
—permit use of flexible materials—alone or in combination with 


rigid materials 


Saves weight 


—through elimination of fasteners 
—by permitting use of lighter gage materials. 


jected to vibration or shock loads, then 
some compromise in ultimate strength 
must be made to give a degree of 
resiliency to withstand the dynamic 
loading on the part or specimen 
Peel-loaded joints are stronger when 
the adhesive has some elasticity. A 
brittle adhesive fractures readily and 
the joint fails progressively as load is 
applied. Adhesives that are elastic are 
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superior in peel because, in stretching 
under stress, they tend to widen the 
line along the edge and increase the 
area that carries the load. 

Selecting an adhesive that has spe- 
cific adhesion for the materials to be 
used is important. Some materials are 
easily bonded. Metals, wood, ceramics, 
paper, cloth and most plastics are gen- 
erally capable of very satisfactory 


Gil 
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G FASTENING AND JOINING 


) 
in 


are 


available to withstand practically any 


compound to some degree, though re- 


Work 
50 
25( 
Tests 
been 


is being done to extend the upper limit 


to 500 F but new 


н ko 


narrows 
?) 


commer- 
standard 


the 
for primary and secondary structural 
1,250 psi 


of short duration, but fail progressively 


when stressed under conditions of dead 
ones 


-67 Е; 


also 
5 F after 30 days immersion ia 


The common 
adhesives 
Dimension" 


government specifications in use. 


materials must be 
present 


available, 
cially, up to about 5,000 psi for metal- 
to-metal bonding, though 3,500 psi is 
a better figure 


MIL 


Military specification 


100 F. 
"Third 


00 psi at 
important 


are 
is 


all media is not found in 


any one product. Some are completely 
inert; others are not affected seriously 


enough to impair their usefulness 
,500 psi at 75 F; 


2,5 


environment 
A 


the choice of adhesive. Service temper- 
ature range is one environmental fac- 


tor. Some adhesives will perform as 


media are often a part of 
3 


requirement; 
REFERENCES 


lists 


minus 
upper extreme is 180 F though some 


to 
II 


t 


be bonded but joints are usually weak 
Rigid adhesives are better for 


such dead load service. 


as 


-A-5090 
In applications, where high strength 


is not the critical factor, there are sev- 


Some adhesives will take high loads 
eral 


Differing coefficients of expansion 
in dissimilar adherends can present a 


Strengths 


Service 
Solvents, chemicals, and other dete- 
riorating 


Adhesion 
Fastening and Joining by Richard S. Piper, 


Highly specialized bonding techniques 


are required. 
are rigid and if the adhesive to be used 


is not elastic. Internal stresses develop 


as changes in temperature occur, and 


can destroy the bond. 
Minnesota Mining & Manufacturing Com- 


standardized by ASTM and by Federal 
pany, ASME paper 55-SA-64. 


Specification MMM-A-175 


anti-icing fluid, oil, JP-4 fuel or hydro- 


psi at 75 F after 7 days’ immersion in 
carbon test fluid 


specifies the following minimum shear 


strengths 
at 180 F; 


and external metallic airframe parts. It 
psi at 


bonding. Polyethylenes and Teflon may 
when compared to other materials. 
problem, particularly if the materials 
maintain strength up to 250 I 
water or exposure to salt spray; 
for evaluating adhesives have 


found to extend the limit 


load 

low 
service 
sistance 
Table 
SELECTED 
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Simplifying Assemblies With 


Since annealed spring steel can be stamped, twisted, or bent into any desirable 


shape and then heat-treated to develop spring characteristics, it can be designed 


for multiple functions in addition to that of fastening. Shown below are 16 ways 


ci 
Р Arched ; 
bose * 


Sus 
Fig.3 Fig.4 


FIG. 1—Multiple-purpose flat spring has stamped hole 
helically formed to accept adjusting screw. Replaces a 
locknut, bushing with internal threads and spring blade. 
Screw adjusts gap of contacts thus changing duration of 
current flow. Application: thermostatic timing control 
unit of an automatic beverage percolator. 


FIG. 2—Spring-steel clip firmly holds stud of control knob 
while allowing it to turn freely on its bearing surface. 
Clip is removed by merely compressing spring arms and 
pulling off stud. Replaces screw and machined plate. 


FIG. 3—Floating clip, which snaps in place by hand, re- 
duces hole misalignment problems by permitting sufficient 
shift of mounting holes to offset normal manufacturing 
tolerances of main parts. Replaces welded T-shape nuts. 


Pre -locked position 


Fig.5 


FIG. 4—Twin-hole nut removes need for hand wrench in 
hard-to-reach location and replaces two nuts and lock- 
washers. Combined force of arched prongs and base when 
nut is compressed creates high resistance to vibration 
loosening. Application: gas burner assembly of an auto- 
matic household clothes dryer heating unit. 


FIG. 5—Push-on nuts (A) easily press over studs, rivets, 
tubing and other unthreaded parts. Their steel prongs se- 
curely bite into smooth surfaces under load. Application: 
(B) triple-hole push-on ring on a flash bulb reflector. 


FIG. 6—Previous method of assembling desk calendar 
(A) required seven parts: wire guide, spring clip, plate, 
two bolts and two nuts. Multi-purpose spring clip (B) 
replaces above although using same retaining principle. 
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Spring-Steel Fasteners 


G FASTENING AND JOINING 


Tinnerman Products, Inc 


in which spring-steel fasteners can be used to: Compensate for hole or part mis- 


alignment; prevent vibration loosening; eliminate parts; speed assembly; permit 


fastener removals; lock on unthreaded studs; and permit blind installations. 


FIG. 7—Expansion-type fastener permits blind installation 
where access is from one side of an assembly only. Inser- 
tion of screw (A) spreads fastener arms apart thus pro- 
ducing a wedging effect in the hole. Dart-type fastener 
(B) can be quickly snapped in place; one common appli- 
cation is attaching molding trim strips to auto panels. 


FIG. 8—End clips pressed by hand on panel edges have 
barbed retaining leg which either bites into the metal or 
snaps into a mounting hole. Applications: (A) sheet 
metal screw and J-clip with arched prongs compresses 
insulating material between panels; (B) bent leg of clip 
acts as spacer between two panels to support sheet of 
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(B) 


insulating material; (C) barbed-leg-clip retains wires 
without need for mounting hole; (D) S-clip spring-steel 
fastener secures removable panel in inaccessible position. 


FIG. 9—Tubular-type fastener has cam-like prongs which 
spring out after insertion to hold fastener in position 
Applications: (A) radio dial pulley; (B) attaching auto- 
motive name plate to panel. 


FIG. 10—Special-function fasteners for quick assembly 
and disassembly of components. (A) Wire harness clamp 
using torque and slot principle; (B) dart-shaped clip for 
attaching coils and other parts to electronic chassis. 





Holding Power of Press Fits 


RICHARD HAZELETT 
Research Engineer, The Alpha Corporation 


THE HOLDING POWER, or resistance to slippage under 
torque loads, the induced tensile stress at the surfaces of 
the fit, and the diametral expansion and contraction of the 
mating parts in a press fitted assembly can be calculated 
quickly by using the accompanying graphs and formulas in 
combination 

These formulas and curves are derived from the formulas 
of S. Timoshenko, "Strength of Materials, Part II,” for thick 
walled cylinders and shrink fits; they are not restricted to 
fits and assemblies made with any one lubricant 

In plotting the curves of Fig. 1, Poisson’s ratio was as- 
sumed to have a value of 0.28 for ferrous metals, and a 
value of 0.33 for copper and for aluminum alloys 

The procedure for using the charts is illustrated in the 
following example 


EXAMPLE 
assembled with a press fit using MoS» for a lubricant 
A b, of the 
and its inside diameter a is 


Two hollow steel cylinders, 3 in. long, are to be 


Before assembly, the outside diameter, Û 
smaller cylinder is 4.377 in 
1.005 in., the outside diameter c of the larger cylinder is 
6.563 in. and its inside diameter b is 4.375 in 

Find the unit pressure P within the fit after the cylinders 
are press fitted together, the resistance torque T available 
to prevent slippage, the tensile stress developed on the 
inside surface of the larger cylinder, the outside diameter 
of the larger cylinder, and the inside diameter of the 
smaller cylinder 


SOLUTION: From the given data 

4 005 in.; b 4.375 in.;c 6.563 in 
I З іп.; Ё. Ey = 29.5 X 106 

a 0.914; b /c 0.667; u 0.05 

Al 4.377 4.375 0.002 


From the graph lines marked "Fe" and Q in Fig. 1, there 


is obtained 


For a/b 
For b/i 
For ! 


0.914, т 11 х 10 
0 667 A 2 8 x 10 


0.667. 2 6 x 106 


Then from the formulas given in Fig. 1, the calculations 


are performed as follows 


10° »x 0.002/4. 38 
ll & 108 2.8 X 106 


20.5 x 106 * 29 5 х 10 


P 


9/5 psi 


1/2) (975) (4. 


4,400 lb in 


C6 


SYMBOLS 


Diameters, in. (for a solid shaft, a = zero) 
Modulus of elasticity, lb/sq in., of part ab or bc 
Length of press fit, in. 
Dimensionless functions of a/b or b/c and Poisson's 
ratio. (Because of variations in Poissons ratio, two 
curves appear in Fig. 1 based on a value of 0.28 for 
ferrous metals, and 0.33 for copper and aluminum 
alloys). 

= Unit pressure within fit, psi. Does not apply near 
shouldered ends where local pressure will be higher 
Dimensionless function of b/c. 
Resistance torque available to prevent slippage 
Dimensionless functions of a/b, and b/c. 
Interference, measured on the diameter, in. 
Coefficient of friction within fit. For dry MoS, on 
press-fitted, hardened ande ground steel parts, u 


varies from 0.06 to 0.08 [n determining the mini- 
mum available torque, a safer value of 0.05 is used 


Tensile stress 975) (2.6 х 106) (10-8 


2,540 psi 
From the graph in Fig. 2, there is obtained 


0.914, Ua 5.4 
0.667, Us. 1.1 


For a/b 

For b /« 

Then from the formulas given in Fig. 2, the calculations 
required are 

Contraction or shrinkage of inside diameter of smaller 
cylinder is 


2 X 4.375 X 975 X 5.4 i 
4 = 0.0016 in 
29.5 x 106 


Expansion or increase in the outside diameter of larger 
cylinder is 
4.375 х 975 


29 5 x 108 0.0003 in 
THE USE of MoSg lubricants in press-fitted assemblies not 
only reduces scoring, galling and distortion, but also eases 
the assembly and disassembly of parts. This permits larger 
interferences between mating parts and allows the use of 
press fits to replace more expensive methods of fastening 
such as shrink and taper fits and keyways. For example, by 
using the maximum permissible bores in standard unhard- 
ened gears and a minimum interference of 0.001 in. per in. 
of dia, nearly all standard gears up to 6 in. pitch dia will 
sustain their maximum running load before the fit will slip. 

The lubricating properties of MoS», which is a solid lu- 
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bricant similar in appearance 
and feel to graphite, is believed 
to be the result of its laminar 
type crystal structure where each 
layer of molybdenum atoms is 
sandwiched between two layers 
of sulphur atoms 

Because of the strong affinity 
that sulphur has for metal, the 
layer of sulphur atoms adheres 
strongly to metal upon contact 
On the other hand, the bond be- 
tween two adjacent layers of 
sulphur atoms is weak, so they 
slip easily over one another 
Since no free sulphur is present 
it does not attack metals 

Unlike graphite, the lubricat 
ing action does not depend on 
the presence of a film of moisture 
thus MoS» can be used in a vac 
uum, while its low oxidation 
tendency permits its use at tem 
peratures from about 10 to 
700 F. Since it is also a dielectric 
lubricant, it is a non-conductor 
and does not attract dust 


Fig. 1—Graphs relating the values of the dimensionless func 
tions of the press and the shrink fit variables for three metals 


› 


Fig. 2—Graph and formulas for determining the elastic change 
in diameters of press and shrink fitted. parts 
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From: 


ASME Paper 


Elongotion, in 


o 1018 Cold forged 7 
6 1018 Recrystollized 


+ 
| 


100 200 300 
Tightening torque-in. ib 


Fig. 1 (Left, top)—Cap screw and nut as purchased (A), 
drilled (B), and turned (C). Bolts tested were 5/16 in, 5$ in, 
and 7/16 in. made from 1018 and 1038 steel. Nuts were all 
made from 1108 steel. 


Fig. 2 (Left, bottom) —Fixture and machine used for impact 
tests. Machine has a capacity of 348 ft. lb and a striking 
velocity of 16.4 fps. When the pendulum drops the two blocks 
of the fixture are pulled apart, fracturing the bolt. 


Fig. 3 (Right, top) —Effect of tightening torque on elongation 
and impact strength. Resemblance of elongation curves to 
stress-strain diagrams indicates fairly consistent values of co- 
efficient of friction obtained during tightening. It is assumed 
that the straight-line portions of the elongation curves corres- 
pond to initial tightening stresses below the elastic limit. 


Increasing Bolt Impact Strength 
by 


Investigation obtained experimental data on the effect of shank area on room tem- 


ptimum Area Design 


perature impact strength and determined optimum shank area corresponding to 
maximum impact energy absorption. Data should permit revised procedure for 


bolt size selection and lead to greater design economy. 


TO WITHSTAND IMPACT LOADS à ma- 
chine element must be capable of 
absorbing a given amount of strain 
energy rather than merely resisting a The 
certain applied force. Impact strength creases 


J. A. LOVE, JR. bolt or similar threaded fastener may 
be increased by reducing the cross sec- 
tion area of the shank. 

reduction in shank area in- 


the shank stress, the shank 


Supervisor, Requisition Engineering 
General Electric Company 


O. A. PRINGLE 


Assistant Professor 
University of Missouri 


Gis 


of a part is frequently measured by the 
energy required to produce fracture 
under impact. Impact strength of a 


elongation, and the total strain energy 
absorbed by the bolt. Maximum im- 
pact strength may be obtained with 
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drilled shonks 

o Threod frocture 
e Shonk frocture 
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Rotio of shonk oreo to root area 


Fig. Á—Effect of reducing shank area by drilling, 1018 3$ 


in. UNC cold forged bolts. 
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Fig. 6—Effect of reducing shank area by drilling, 1038 3$ 


in. UNC quenched and tempered bolts. 


the bolt proportioned for equal stresses 
in the shank and threaded section. 
However, the magnitude of the stress 
concentration effect in the threads dur- 
ing impact and the extent to which 
this effect has to be considered in pro- 
portioning the shank for maximum 
impact strength is uncertain. 

The bolts tested to determine opti- 
mum shank areas corresponding to 
maximum impact energy absorption 
were 5/16 in.—18, $$ in.—16, and 
7/16 in.—14 UNC—2A x 3 in. hexa- 
gon head cap screws with regular and 
heavy semifinished hexagon nuts. Also 
tested were 2$ in.—24 UNF—2A x 5 
in. hexagon head cap screws with fin- 
ished hexagon thick nuts. Two mate- 
rials were tested: 1018 steel, cold 
headed with rolled threads; and 1038 


to root oreo 
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1018 Cold forged 
turned shanks 


Thread frocture 
e Shonk frocture 
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shank orea to root oreo 


Fig. 5—Effect of reducing shank area by turning, 1018 


in. UNC cold forged bolts. 


1038 As purchosed 
turned shonks 

o Thread frocture 
e Shank fracture 


1.5 2.0 


Fig. 


Ratio of shank 


0.5 1.0 1.5 


areo to root oreo 


7—Effect of reducing shank area by turning, 1038 


in. UNC quenched and tempered bolts. 


steel, quenched and tempered to an 
average tensile strength of 130,000 psi 
Nut material was 1108 steel. Fig. 1 
shows the cap screw and nut as pur- 
chased, as drilled, and as turned 

The effects of work-hardening and 
heat-treatment were investigated by 
preparing some of the specimens in 
the following material conditions: 
1018 bolts strain recrystallized at 1225 
—1250 F; 1018 bolts fully annealed 
from 1650—1675 F; and 1038 bolts 
fully annealed from 1550—1575 F 

Bolt shank area was reduced by 
either drilling an axial hole through 
the shank, or by turning down the 
shank outside diameter. Fig. 1 shows 
a sectioned drilled bolt (B), and a 
shank reduced bolt (C), with nuts 

The bolts were held in the testing 
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machine by the fixture shown in Fig. 2. 
The two blocks of the fixture acted as 


the clamped parts of the bolted joint 


Test Procedure and Results 


A series of tests were made to deter- 
mine the tightening torque effect on 
the impact strength of the joint. 2$ in 
UNC bolts with full shanks were used 
in the as-purchased, strain recrystal- 
lized, and annealed conditions. Various 
torques were used ranging from zero 
to those that caused failure during 
tightening. Fig. 3 shows the elonga- 
tion and impact strength of the joints 
for two material conditions. 

For all materials the scatter band of 
impact energy appeared to be inde- 
pendent of tightening torque as long 


C» 
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Fig. 8—Effect of reducing shank area by drilling, 1018 % Fig 


UNC strain re-crystallized bolts. 


as the tightening stress is less than the 


elastic limit. However, there is a 
definite decrease in impact strength 
for tightening stresses above the elastic 
limit. This drop is shown by the curves 
for the 1018 strain recrystallized bolts 
of Fig. 3. The results obtained from 


the other material conditions are 
similar except for the 1018 cold-forged 
bolts 

Test indicates that impact strength 
is independent of tightening torque 
for initial 


Therefore, 


stresses below the elastic 


limit conservative values 
of tightening torque for the subse- 
quent bolt and nut tests are used 


Typical results of the impact гє 


Table I—Optimum Ratios of Shank to Root Area 
and Shank to Stress Area 


1038 Quenched and 


Tempered Bolts io 


UNC Drilled 
% in. UNC Turned 
3% in. UNC Drilled 
3 UNC Turned 
UNF Drilled 
UNF Turned 
UNC Drilled 
UNC Turned 


(6 in 


Cold Forged Bolts 


in. UNC Drilled 
in. UNC Turned 
UNC Drilled 
UNC Turned 
UNC Drilled 
in. UNC Turned 


Root -area 


Rotio of 
9—Effect of 


y& UNQ 


quired for fracture are shown in Fig. 4 
The impact 
foot-pounds for each bolt is plotted 


through 9 strength in 


against the ratio of its shank area to 
its thread root area 

The results indicate that an optimum 
shank area for each bolt material exists 
and that large increases in energy ab 
sorption are possible. Also, the opti 
mum ratios are not even close to the 
ratios of 09 to 1.0 that 


recommended 


have been 
and used 


root-area and stress 


previously 
Table I 


area ratios for all the bolts tested in 


lists the 


the as-purchased material condition 
The optimum shank areas for the 
1038 


heat-treated bolts are slightly 


Stress-arca 


ratio 


1.01 


Bolt descriptio 


1.0 1.5 2.0 


shank area to root area 


reducing shank area by drilling, 1038 


annealed bolts. 


greater than the stress areas if the 


drilling, ог 


reduced by 
slightly less if the shanks are reduced 


shanks are 


by turning; the optimum shank areas 
for the 1018 cold forged bolts are all 
greater than the stress areas. The stress 
area is the circular area computed from 
the mean of the pitch and minor diam- 
eters. It is a convenient approximation 
of the area of a section 


true cross 


through the threads of the bolt 


Reason for Variation 


The variation in the 1038 quenched 
and tempered bolts is caused by the 
method used in reducing the shank 


Table II—Effect of Heat-Treatment 
on Optimum Ratios of ¥% in. UNC 1038 Bolts 


Root-area Stress-arca 


ratio ratio 


Quenched and tempered, then drilled 


98 Quenched and tempered, then turned 


03 Drilled, then annealed 
98 Annealed, then drilled 


02 
98 
04 


98 Table III —Effect of Heat-Treatment 


Stress-area 


ratio 


Bolt description 


1.09 
1.09 
1.08 
1.08 
1.11 
1.11 


Annealed, then drilled 


Drilled, then annealed 


on Optimum Ratios of % in. UNC 1018 Bolts 


Root-area Stress-area 


ratio ratio 


Cold forged, then drilled 
Cold forged, then turned 


Drilled, then strain recrystallized 
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1018 Cold forged 


0.5 1.0 1.5 
Depth of hole, in. 


Fig. 10—Effect of length of reduced section of shank, 1018 


¥g in. UNC cold-forged drilled bolts. 


In a drilled bolt the load is car- 
ried by the outer layers of the original 
shank material; in a turned bolt the 
load is carried by the original shank 
core. Differences in and 
properties are caused by segregation, 
decarburization, hardening, 
work-hardened layers, plating, scale 
and others. Metallographic examina- 
tion of sample heat-treated bolts indi- 
cated uniform cross section except for 
slight decarburization extending the 
width of several grains near the sur- 
face and a thin layer of surface scale 
These are probably the causes for the 
variation in optimum shank areas 

Optimum ratios are grouped in 
Table II. The 1038 bolts had been 
quenched and tempered and were cov- 
ered with a normal amount of scale. 
Drilling the shank removed no scale; 
turning removed the scale. Thus, in 
one instance, scale is included in the 
calculated shank and thread areas. For 
equal strengths, an area including scale 
would be larger than one not including 
scale; consequently different optimum 
ratios are obtained. 

The same effect is in evidence for 
the 1018 annealed bolts of Table III 
During annealing, the surfaces of pre- 
viously drilled holes are oxidized, re- 
sulting in a slight loss of effective cross 
section. Hence, the optimum ratio of 
the bolts drilled before annealing are 
higher than those drilled after the an- 
nealing operation. 

The higher optimum ratios obtained 
for the 1018 cold-forged bolts indi- 
cates that the threaded sections of these 
bolts are unusually strong in compari- 


arca. 


core case 


shallow 


- IShonk threods 


G FASTENING AND JOINING 


Fig. 11 (Left) —Typical impact fracture of drilled bolt. 


2.0 2.5 


Fig. 12 (Right) —Typical static thread fracture, (A) 
in threads of bolt with full shank. 
indicates fracture with shank turned to thread root diameter. 


thread fracture (B) 


Impact 
(€) 


(D) is a bolt with optimum shank area that did not fail 


son with their shanks. This is probably 
caused by work-hardening during the 
thread-rolling operation. As shown in 
Table III and Figs 


recrystallization 


í and 9, a strain 


heat - treatment re- 
moved this effect, lowering the ratio 
1.15 


little additional effect, except that more 


from 1.23 to A full anneal has 


severe surface oxidation results in a 
higher optimum ratio when the bolts 
are drilled before heat treatment rather 
than after heat-treatment 

Referring to Table I, optimum ra- 
tios for the 5 16 in. cold- 
forged bolts are higher than the ratio 
bolts. Although the 
thread 
plastic deformation during thread rol- 
ing, the work-hardened region occupies 
a larger fraction of the total «ross sec- 
tion than for the 2$ in. bolt, resulting 
in a higher optimum ratio. The 7/16 
in. threads receive more plastic defor 


16 in. and 7 


for the 9$ in 


smaller 5/16 in. receives less 


mation than the 2$ in. threads, result- 
ing in increased strength and higher 
optimum ratios 

Thus, optimum shank areas for cold 
forged bolts depend on the amount of 
plastic deformation required to form 
the threads, the percentage of total 
cross section occupied by the cold- 
worked region, and the work-harden- 
ing characteristics of the material 
Although the transition from thread 
fracture to shank fracture for the cold- 
forged bolts occurred near the opti- 
mum ratio, Figs. 4 and 5 reveal that 
the maximum energy is absorbed when 
shank r^^^er than thread fracture oc- 
curs, since work-hardened threads are 
more brittle than the shank 
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An increase in the length of the 
shank 


crease the impact strength. Tests were 


reduced section of might in 
made with varying lengths of shank 
Results for 


¥g in. cold-forged bolts for optimum 


and depth of drilled holes 


shank areas are shown in Fig. 10. The 
shank 


energy absorption are independent of 


optimum areas for maximum 
the length of reduced section as long 
as the length is at least one diameter 

For shanks reduced by drilling, the 
bottom of the hole should not approach 
too close to the threaded section, for 
the hole will weaken the cross section 
the first thread 
tested, 14 in. between hole bottom and 


near For the sizes 
first thread is a safe distance. The ex- 
posed length of threaded section be 
tween the nut and bolt head serves 
the same purpose as the reduced shank 
and affects the energy absorption in 


the same manner 


Conclusions 


The general appearance of impact 
fractures are similar for all the bolt 
materials. Substantial elongation and 
Fig. 11 
shows a typical impact fracture of a 
1018 steel bolt 

Several 1038 steel quenched and 
tempered bolts are shown in Fig. 12 
A typical impact thread fracture, Fig 
12 B, may be compared with a static 
thread fracture of Fig. 12 A. Fig. 12 C 
is a typical impact fracture in a reduced 
shank, and Fig. 12 D, shows a bolt with 
an optimum shank area that elongated 
but did not fracture during test 


G21 


necking showed at all factures 





ALTHOUGH THE LOCATIONS of centers 
for holes on bolt circles can easily be 
computed, the calculations for several 
bolts circles can be time consuming. 
The accompanying table gives coordi- 
diometer of other bolt circle, in nates for 4, 6, 8 and 12 holes on bolt 
X (0, / 02) circles the diameters of which range 
x, (05/ 0,) from l4 to 8 inches. | 
The table is used simply by deter- 
mining the attitude of the holes in rela- 
Y, (02/0,) tion to the axes of the bolt circle, 
selecting the letter dimensions for the 
corresponding sketch, following the 
row across from the bolt circle diam- 
eter and reading the coordinate values 
under the correct letter dimensions. If 
finer increments of bolt circle diameter 
are used than those given in the table 
coordinate values, as shown in Fig. 1, 
can easily be interpolated. 
When it is desired that an assembly 
be mounted in only one attitude, a 
locating pin can be included or one 
hole can be purposely displaced. The 


diometer of one bolt circle, in 


Yo (D, / 02) 


From: The Tool Engineer. 


G d * f H ] latter can be accomplished by displac- 
> one hole off the bol le or, f 
oorainates tor Holes ает lop callum 


for a hole on the same diameter bolt 


circle but with a smaller or larger 


on Bolt Circles e 


Example; one hole could be dis- 
placed on a 6-bolt circle by using the 


GEORGE A. NELSON, Nelson Template Company coordinates for an 8-bolt circle 





Bolt Circle Dia E F 


0478 0.0325 
0538 0364 
0598 0404 
0658 0445 


0718 0485 
0777 0526 
0837 0566 
0897 0607 


0957 0647 
1076 0728 
1196 0809 
1315 0890 


1435 0971 
1555 1051 
1674 1132 
0.1794 1213 


Product Design Digest Issue 





G FASTENING AND JOINING 


Bolt Circle Dia А в c D E G 


3535 4330 2500 
3756 4601 2651 
3977 4871 2812 
4198 5142 2968 


4619 1913 1294 4830 
4908 2033 1375 5131 
5197 2153 1456 5433 
5486 2271 1537 5735 


oooo 


4419 5413 3125 
4640 5683 3281 
1861 5954 3437 
5082 6225 3593 


577 2392 1618 6037 
6063 2511 1699 6339 
6352 2631 177 6641 
6640 2751 1860 6942 


oooo 


5303 6495 3750 
5524 6766 3906 
5745 7036 4062 
5966 7307 4218 


6929 2870 1941 7244 
7218 2990 2022 7546 
7507 3109 2103 7848 
7795 3229 2184 8150 


oooo 


6187 7578 4375 
6408 7848 4531 
6629 8119 4687 
6850 8390 4843 


8084 3348 2265 8452 
8373 3468 2346 8754 
8661 3588 2426 9055 
8950 3707 2507 9357 


oooo 


7071 8660 5000 
7292 8931 5156 
7513 9201 5312 
7734 9472 5468 


9239 3827 2588 9659 
9528 3946 2669 9961 
9816 4066 2750 0263 
0105 4186 2831 0565 


ooo 


7955 9743 5625 
8176 0013 5781 
8397 0284 5937 
8618 0555 6093 


0394 
0682 
0971 
1260 


4305 2912 0867 
4425 2993 1168 
4544 3073 1470 
4664 3154 1772 


о-н м 
ooo 


8839 0825 6250 
9060 1096 6406 
9281 1367 6562 
9502 1637 6718 


1548 
1837 
2126 
2415 


4783 3235 2074 
4903 3316 2376 
5023 3397 2678 
5142 3478 2979 


"m 
oooo 


9723 1908 
9944 2178 
0165 2449 
0386 2720 


6875 
7031 
7187 
7343 


2703 
2992 
3281 
3569 


5262 3559 3281 
5382 3640 3583 
5501 0.3721 3885 
5621 3801 4187 


oooo 
O 
oooo 


0606 2990 
0827 3261 
1048 3532 
1269 3802 


7500 
7656 
7812 
7968 


3858 
4147 
4436 
4724 


5013 
5302 
5590 
5879 


6168 
6457 
6745 
7034 


7323 
7611 
7900 
8189 


5740 3882 4489 
5860 3963 4791 
5979 4044 5092 
6099 4125 5394 


ooo 
M на на 


о 


1490 4073 
1711 4343 
1932 4614 
2153 4885 


.8125 
‚8281 
‚8437 
‚8593 


8750 
8906 
9062 
9218 


9375 
9531 
9687 
9843 


6218 4206 5696 
6338 4287 5998 
6458 4368 6300 
6577 4448 6602 


a на на һа 


2374 5155 
2595 5426 
2816 5697 
3037 5967 


6697 4529 6904 
6816 4610 7205 
6936 4691 7507 
7056 477 7809 


ba „а һа ња 


3258 6238 
3479 6509 
3700 6779 
3921 7050 


7175 4853 8111 
7295 4934 8413 
7414 5015 8715 
7534 5096 9017 


осоро 0000 0900090 0002 


©0000 0000 0000 


„а һа һа һе 


4142 7320 
4584 7861 
5026 8403 
5468 8944 


0000 
0312 
0625 
0937 


1250 
1562 
1875 
2187 


8477 
9055 
9632 
0209 


0787 
1364 
1942 
2519 


7653 5176 9318 
7892 5338 9922 
8131 5499 0525 
8371 5661 1129 


„а на на на 


5909 9485 
6351 0026 
6793 0568 
7225 1109 


.8610 5823 1733 
8849 5985 2336 
9088 6146 2940 
9327 6308 3544 


MA на на 
һә һә һә һә һә н н к 
оороо ооо ое 


7677 1650 
8119 2192 
8561 2 2733 
9003 3274 


2500 
2812 
3125 
3437 


3097 
3674 
4251 
4829 


9567 6470 4148 
9806 6632 4751 
0045 6794 5355 
0284 6955 5959 


һә һә һә һә 
~ о о 


9445 3815 
9887 4357 
0329 4898 
0771 5439 


5406 
5984 
6561 
7139 


3750 
4062 
4375 
4687 


0523 7117 6562 
0762 7279 7166 
1002 7441 7770 
1241 7602 8373 


ә ә ~ м 
һә һә 


юю 


1213 5980 
1655 6522 
2097 7063 
2539 7604 


5000 
5312 
5625 
5937 


7716 
8293 
8871 
9448 


1480 7764 8977 
1719 7926 9581 
1958 B088 0185 
2197 8249 0788 


دد ډډ دد һә‏ 


һә һә һә һә 


2981 8145 
3423 8687 
3864 9228 
4306 9769 


6250 
6562 
6875 
7187 


0026 
0603 
1180 
.1758 


2437 8411 1392 
2676 8573 1996 
2915 8735 2599 
3154 8896 3203 


һә һә һә һә 
„шшш 
„е һа һо һа 


4748 3.0311 
5190 3.0852 
5632 1393 
6074 3.1934 


7500 
7812 
8125 
8437 


2335 
2913 
3490 
4068 


3393 9058 3807 
3632 9220 4410 
3872 9382 5014 
4111 9543 5618 


һә һә һә һә 
„шшш 
һа һа њо но 


4645 
5222 
5800 
6377 
6955 


6516 2476 
6958 3017 
7400 3558 
7842 +099 
8264 4641 


8750 
9062 
9375 
9687 
0000 


4350 9705 6222 
4589 9867 6825 
4828 0029 7429 
5068 0191 8033 
5307 0352 8636 


һә һә һә һә ده‎ 
M) oe oA 
eweww 
MA на на а 
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5 Simmons Fasteners offer 


Economy + Quick installation - Flexibility of design - 


Whatever your application, Simmons Fasteners will fill your needs. 
Leading manufacturers are using Simmons Fasteners with perfect re-. 


sults in a wide range of products. 


TET OL Se 


QUICK-LOCK 


Millions in use on weather-tight lighting units, battery chargers, truck heaters, 
engine cowlings, access panels and doors, radio equipment covers, gas tank 


covers, map and data cases, transmitter cases, voltage regulators... 


Easy to install, QUICK-LOCK is ideal for assembling removable panels and access doors. 
A 90° turn locks it in place. Stud is self-ejecting when unlocked; visual inspection shows 
whether fastener is locked. Spring loading takes initial load; solid supports carry in- 


creased load. Available in various sizes with choice of stud and receptacle types. 


SPRING-LOCK 


The perfect, proved fastener in such applications as removable covers and 


panels on electric and electronic equipment, railroad locomotives and diesels, 


all sheet-metal automobile parts, shipboard equipment, home appliances... 


UR d 


SPRING-LOCK, one-piece fastener for blind holes, has load-carrying steel spring wire. 


Fus Мазед: 


Spring steel arms lock it securely, prevent loosening under vibration. SPRING-LOCK 


CIN 


is self-adjusting for various material thickness, locks with a twist of the wrist. 


Plastic SPRING-LOCK Shelf Supports, with the strong "heart of steel," 
are available in your specified color...used by all major appliance manu- 
facturers to cut costs, speed production, simplify servicing in refrigerators, 


ranges. Custom molded to your design requirements. 


TOMBE т ИА?” Ime SE ae ee 


ТО ВР SE ES ovn 


ROTO-LOC 


Ideal for portable Arctic region shelters, partitions, cabinets, built-ins of all 
kinds, desks, tables and other demountable furniture, knock-down shipping 
boxes, demountable refrigeration units, caskets, point-of-sale display assem- 


blies... 


ROTO-LOCK makes butt or right-angle joints easily. Tapered cam design permits secure 
locking even in misaligned or semi-open position. Carries heavy tension and shear loads; 
can be used for air and water-tight seals. Solidly built without springs or delicate mechan- 


ical parts; unaffected by sub-zero temperatures. 
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you every advantage... 


Strength - Positive locking - Smooth fastening action 


LINK-LOCK | 


Available in 3 sizes—heavy, medium, light duty. The perfect latching device à 


SET SIE, 


РЕЗ" 
Po A 


ا 


where positive or heavy locking pressures are necessary, and where lock will 


have to withstand rough service. Proved in portable aircraft hangar construc- 


DR E E 


lion, containers, military transit cases, instrument cases... 


"те 
z 


The springless latching device for use wherever pre-loaded closure is required. (Also 
spring-loaded. See below.) Impact and drop-resistant, LINK-LOCK provides heavy fasten- 
ing pressure and high load-carrying capacity. Excellent for water 
and pressure-tight sealing. Withstands 70-below temperatures 

New! Spring-Loaded LINK-LOCK ...medium and heavy duty ...ideal for less expensive containers where 


costs won t pe гти precision produc поп Spring provide $ tak« up to compensate for set in gaske ling, wregu 


larities of sealing surfaces. 


pee aci MUERE PEE 


жышт "au 
DUAL -LOCK 
An absolutely vibration-proof, impact-proof high-load fastener that will not 
accidentally unlock or loosen...ideally suited for demountable structures, 


guided missile assemblies, shipping containers, aircraft cowlings and sheet 


metal guards, and all butt-joint fastening... 


Double-acting take-up in DUAL-LOCK insures heavy closing pressure with minimum 


pressure on operating tool. Trigger action of DUAL-LOCK assures full open and closed 


| 
r 
Б 


positions. Can be recessed in panels or surface mounted. Withstands 7000-lb. tension, 


— 


and can be readily modified for light load applications 


Send today for your copy of the 40-page Simmons 


Fastener catalog, which gives specifications, applications, installation in- 


structions. Samples of all Simmons Fasteners are available. 


SIMMONS 


FASTENER CORPORATION 


1751 North Broadway, Albany 1, New York 
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Make sure you get Fasteners HEADED FOR SAVINGS 


Screws are sometimes like people. If they "lose their heads" 
under pressure — if they turn out to be "softies" if they 
"don't square up," they are headed for trouble . . . 
your assembly line. 


and so is 


P-K Self-tapping Screws are headed for savings — not 
only headed, but threaded, pointed, and heat treated with 
the same purpose — to keep assembly lines trouble-free. 

When your design calls for assembly with Self-tapping 
Screws, you can plan on assembly savings up to 50% and 
more over slower, more complicated fastening methods. To 
make sure your planned savings pay off — specify P-K. 


En 


give 
millions of 
assembly hands 
a head start 


Parker-Kalon Division, General American Transportation 
Corporation, Clifton, New Jersey. 


PARKER-KALON 


7 > е J > 


SLOTTED OR PHILLIPS HEAD Type B 


Tipe | Ф > r, 


Туре В 


SLOTTED OR PHILLIPS HEAD 


special 
forms 


For fastenings to light goge (.015" 
to .050 sheet metols, asbestos 
compositions, resin impregnoted 
plywood, wood, etc. The originol 
Sheet Metal Screw. Forms its own 
matching thread os it is turned in 
Con be removed ond reploced 


Stondord screws ore hordened 
steel. Type 302 (18.8) Stoinless 
Steel, non-hordenoble (stondord in 
some sizes). Type 410 Corrosion- 
resiston! Steel, hordened (speciol 
order). Brass (special order). 


Can be furnished on 
special order, quontity 
permitting. Some vori- 
otions of the stondord 
Type A form ore shown. 


Р.а 
Туре А 
STAPS 


The wosher illustrated is o lomi- 
nated metol and neoprene rubber 
disc, recommended for most oppli- 
cations of Type A Stops. Other 
types of washers con be used. 


For fastenings to light ond heovy 
goge (.015" to .200") sheet metols, 
non-ferrous castings, plostics, resin 
impregnoted plywood, asbestos 
compositions, etc. Forms its own 
matching thread as it is turned in. 
Con be removed and replaced 


Standard screws ore hardened 
steel. Type 302 (18-8) Stoinless 
Steel, non-hardenable (standord in 
some sizes). Type 410 Corrosion- 
resistont Steel, hardened (special 
order). 


Can be furnished on 
speciol order, quontity 
permitting. Some vori- 
ations of the stondord 
Type Z form ore shown. 


p" 


4. 
Type Z 
STAPS 


Since heod styles ore some os those 
of Type A, STAPS with Type Z 
threod form con be furnished. 
Metal bocked neoprene washer is 
recommended. 


For fastenings to light and heavy 
gage sheet metols (.015'' to .200"') 
ond structurol steel (.200" to V2"), 
non-ferrous costings, plostics, resin 
impregnated plywood, asbestos 
compositions, etc. Forms thread as 
it is turned in with socket wrench 
Con be removed ond replaced. 


Standard screws ore hardened 
steel. Type 302 (18-8), non-harden- 
oble Stainless Steel, ond Type 410, 
hardened, Corrosion-resistant Steel 
(special order). 


Con be furnished on 
speciol order, quantity 
permitting. Some vari 
ations of the standard 
Hex Head Type Z form 
ore shown 


a Hex Head 
Type Z 
STAPS 
Shown with laminated metal and 
neoprene rubber disc, recommended 
for most applications. Other types 
of washers can be used. 
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P-K° STANDARDS 


PROTECT YOU AGAINST 
THESE AND MANY OTHER 
SYMPTOMS OF SCREWS 
HEADED FOR TROUBLE. 


These symptoms are hard 
to see at a glance, but the 
effects of screw failure 
(parts spoilage, high rec- 
lamation expense, hidden 
weakness) show up 
quickly in mounting as- 
sembly costs and customer 
complaints. 


„Е? 


SLOTTED OR PHILLIPS HEAD 


For fastenings to comparatively 
thin sections and bosses in friable 
and brittle plastics. Five cutting 
flutes distribute pressure evenly, 
permit chips to drop to bottom of 
hole. Coarse threads offer greater 
resistance to stripping ovt. 


Type F-Z Screws are made on spe- 
cial order only, quantity permitting 
Can be furnished in plain steel or 
stainless steel. 


Can be furnished on 
special order, quantity 
permitting. Some vori- 
ations of the standard 
Type F-Z are shown 


Type F-Z 
STAPS 
Since head styles ore same as those 
of Type A, STAPS with Type F-Z 
thread form can be furnished. 
Metal backed neoprene washer is 
recommended. 


IS HEAD 
UNDERSIZE? 


С ил 
ECCENTRIC? i 


/ 
[ 
{ 
\ 


"аө 


“4 
td 


SLOTTED OR PHILLIPS HEAD 


For fastenings to ferrous and non- 
ferrous castings, bronze of brass 
forgings, heavy goge sheet metols, 
structurol steel, plastics, resin im 
pregnoted plywood, etc Cuts 
standard machine screw thread os 
it is driven. Can be removed and 
replaced 


Stondord screws ore hardened 
steel. Type 410 Corrosion-resistant 
Steel, hardened, (special order). 


Modifications can be 
furnished as needed on 
special order, quantity 
permitting. Some vari 
ations of the standard 
Type F form are shown. 


Type F 

STAPS 
Since head styles are some os 
those of Type A, STAPS with Type 
F thread form can be furnished. 
Metal backed neoprene washer is 
recommended. 
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BURRED? 3 


| д 
3 TOO DEEP? V 


| 


7 00 HEADS 
POP OFF? 


у ч a 
IS SLOT 
OFF CENTER? 
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D» 
Г" SHALLOW? Ñ 


THE LEADING CHOICE FOR METAL 
AND PLASTIC FASTENING ECONOMY 


For permanent fastenings to ferrous 
ond non-ferrous castings, heavy 
gage sheet metals, plastics, etc 
Cannot readily be removed 


Standard screws оге hardened 
steel. Type 410 Corrosion-resistant 
Steel, hardened, (special order 


Some variations of the 
standard Type U form 
ore shown. Modifica- 
tions can be furnished 
os needed on special 
order, quantity permit- 
ting 


om 
/ STAPS 


Shown with molded  neoprene 
washer, recommended for most 
applications of Type U STAPS. 
Other types of washers con be 
vsed. 


HEAD STYLES 


Types A, Z, F, and F-Z are avail- 
able with any of these commonly 
used head styles— ROUND, BIND- 
ING, STOVE, FLAT, OVAL, HEX. 


FINISHES 


Standard plated finishes are Zinc, 
Brass, Nickel, Cadmium, or Par- 
kerized. Other finishes on special 


order. 


STAPS 


are P-K Fasteners with pre-assem- 
bled neoprene washers. They 
have many applications for effec- 
tive. control of leaks, squeaks, 
electrolysis and crazing in enam- 
eled surfaces. Furnished to special 


order, quantity permitting. 


TYPE 21 
A Drive Screw for h 


fastening fibre, 
leather, fabric, 
cardboard, etc., to 
sheet metal. For 
permanent fasten- 
ings. 





How Du Pont Blind Expansion 


S 
v 


Sketches above show high speed Du Pont 
Industrial Blind Expansion Rivets, open style, 
with brazier and 100* countersunk heads 
Close drilling tolerances are unnecessary be- 
cause when the rivet expands, the shank fills 
the drill hole. Barrel-shaped shop end locks 
rivet securely in place. These versatile rivets 
expand in as little as "2 second with a Du 
Pont Electric Riveting Iron and greatly facili 
tate fastening jobs calling for blind or hard 


to-reach riveting 


A modification of the open style rivet is the 
sealed style. This rivet has a metal ball in 
the end of the cavity containing the chemical 
charge. When rivet expands, no deformation 
of the opposite or adjacent structure occurs, 
even when that structure is very close to the 
shop end of the rivet. These rivets are practi- 


cally noiseless when being set 


For additional information about Du Pont In 
dustrial Blind Expansion Rivets contact your 
nearest supplier write to E. I. du Pont de 
Nemours & Co., Inc., Explosives Department, 


Wilmington 98, Delaware 
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> Aircraft and Industrial 


Du Pont Industrial and Aircraft 


Du Pont Industrial Blind Expansion Rivets allow extreme 
design flexibility that often eliminates steps in fabrication. 
These versatile rivets are a real help for fastening in 
blind spots or hard-to-reach places, and speed work along 
open seams. Du Pont Rivets are widely employed in the 
manufacture of bus and truck bodies, electrical appliances; 
metal cabinets, washing machines, furniture, and various 
other commodities. 


DESCRIPTION 


Du Pont Industrial Blind Expansion Rivets resemble 
ordinary solid rivets with one important difference. Ex- 
tending the full length of the rivet shank is a small care- 
fully centered cavity containing a tiny chemical charge. 
Application of heat with an inexpensive Du Pont Electric 
Riveting Iron expands the rivet neatly, firmly, and quickly. 


APPLICATIONS 


These rivets are always set from the head side, and no 
bucking bar is needed. One operator can readily set Du 
Pont Industrial Blind Expansion Rivets at the rate of 20 
to 25 a minute. 


Almost instantly . 
Touch head of rivet 
charge expands, 
with heated Du Pont a 
forming a barrel- 
Riveting Iron. (Note 
кира 


shaped head on shop 
tiny chemical 


end of rivet and 
charge in rivet M 
9 я completely filling 


shank) the drilled hole 


All Du Pont Blind Expansion Rivets have smooth, finished 
heads. No after-finishing, buffing, trimming or cutting 
necessary. The shank expands to fill the hole completely. 


WIDE RANGE GRIP 


The wide grip range of Du Pont Industrial Blind Expansion Rivets makes it 
possible to use the same length rivet to fasten varying thickness of material, 
reducing need for large inventory of rivets 


U PONT BLIND 
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Rivets Solve 


QD. 


Problems in Engineering Design 


Blind Expansion Rivets 


Du Pont Aircraft Blind Expansion Rivets save time and 
labor on both primary and secondary fastening jobs. They 
have proved effective in lowering installed fastener costs. 
Engineering designs planned with Du Pont Aircraft Rivets 
often remove restrictions imposed by coventional fastening 
methods reducing fabrication costs 


STRENGTH DATA 


Du Pont Aircraft Rivets assure strong joints, comparable 
to those made with solid rivets. Shear and tensile strength 
data for typical Du Pont Rivets are shown below. (All 
tested in single riveted specimens having recom- 
mended-size holes.) 


steel 


2017-T Aluminum Alloy—Brazier Head Type 


Nominal Shear 
Rivet 
Diameter 


Tensile 
Strength 
Lbs ‘Sq. In Lbs./Sq. In 


Strength 


1/8 34,100 
5/32 35,500 
36,100 


35,200 
35,200 
36,400 


5056 Aluminum Alloy—Brozier Head Type 


27,200 


SPECIFICATIONS 


INDUSTRIAL TYPE RIVETS Du Pont Industrial Blind Expar 
aluminum (5052 alloy), brass, nickel-plated brass and nic 

with either modified brazier « ) count« nk h« 
eters—1 /8", 5/32 16", and 1/4". Larger rivets ha 
available in 5056 aluminum alloy 


heads. 


, and with either modified brazier or 100 


AIRCRAFT TYPE RIVETS D 
modified brazier or 100 
They are alodized to meet 
Four diameters are available 
this line is the Du Pont 

tions. It retains its strengt 


also available for 


QU PUNT 


BETTER THINGS FOR BETTER LIVING ... THROUGH CHEMISTRY 


EXPANSION RIVET 
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Du Pont Aircraft Blind Expansion Rivets are 
similar in design and construction to the In 
They 


manner and help solve many of the problems 


dustrial Type. perform in the same 


encountered by design engineers because 
l. They provide a quicker, simpler method of 
fastening airplane sections that can be fas 
They 


the design of new ultra-high-speed 


tened from one side only, 2 facilitate 
aircraft 
as they can be used where space limitations 
Millions of Du Pont 


being used to simplify awkward riveting prob 


are severe Rivets are 


lems in aircraft design and construction 


A modification of the open style 56S rivet is 
the sealed style. This rivet has a metal ball 
in the end of the cavity containing the chem- 
This 
honeycomb structures and in other applica 
the shop end of the 
in close proximity to adjacent delicate struc- 
These 
when being set. 


ical charge. style finds wide use in 


tions where rivet is 


tures rivets are practically noiseless 


Du Pont Aircraft Rivets are the practical an 
to many difficult 
found in the aviation industry 


swer fastening problems 


For additional information about Du Pont Air 
craft Blind Expansion Rivets write E. |. Du 
Pont de Nemours & Co., Inc 
partment, Wilmington 98, Delaware 


Explosives De- 


PPP 


A 


PS SS SS SS SP»S 
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NEW-a complete line of 
socket screw products 


HOW NYLOK* LOCKS: 


LOCKED! The tough, resilient nylon pellet keys itself into the mating threads. It forces threads together, and locks the screw securely. 


EMEN 


SK ARR 


BEFORE ASSEMBLY. The nylon pellet projects slightly beyond male 
threads. When assembled, female threads will be impressed into it. Pellet 
locks effectively whether the screw is seated or nof. 


G30 


AFTER REMOVAL. “Plastic memory" of pellet has expanded impressed 
threads to greater diameter than screw threads. Screw can be used 
repeatedly. In use, “memory” keeps threads tightly locked 
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self-locking UNBRAKO 


that. won't 


They simplify design and 
save production time 


UNBRAKO socket screws are now available 
embodying the Nylok* self-locking principle. 
Nylok provides a truly practical new solu- 
tion to the problem of making screws 
self-locking. 

An UNBRAKO screw with Nylok is a single 
self-locking unit. No auxiliary locking de- 
vices are needed. Just thread the UNBRAKO 
into any tapped hole. Seated or not, it locks 
positively wherever wrenching stops. The 
tough, resilient nylon pellet forces mating 
threads together and holds tight. The screw 
will not shake loose. 

You save production time when you build 
products with self-locking UNBRAKOs. And 
you get greater simplicity in design with less 
bulk and weight. The number of parts you 
must assemble to achieve full locking action 
is reduced to the absolute minimum. Lock- 
washers under screw heads are no longer 
necessary. Costly wiring of cross drilled 
heads is eliminated. So are cotter pins and 
complex multiple set screw installations. 

Self-locking UNBRAKOs are completely re- 
usable. They have uniform locking and 
installation torques—with no galling or seiz- 
ing on mating threads. They successfully 
withstand temperatures from —70° to 250°F. 
And, on properly seated screws, the pellet 
acts as a liquid seal. 

Self-locking UNBRAKO socket screws come 
in a complete range of standard sizes and 
materials. See your authorized industrial 
distributor. Technical data and specifica- 
tions are detailed in Bulletin 2193. Write us 
for your copy today. Unbrako Socket Screw 
Division, STANDARD PRESSED STEEL CoO., 
Jenkintown 28, Pa. 


*T.M. Reg. U.S. Pat. Of., The Nylok Corporation 


UNBRAKO SOCKET SCREW DIVISION 


STANDARD PRESSED STEEL CO. 


JENKINTOWN PENNSYLVANIA 
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work loose 


iri 


Socket head cap screws. Standard Socket shoulder screws. Standard 
sizes # 6 to 1 in. sizes Ye to %4 in. 


Socket pressure plugs. Standard Socket set screws. All standard point 
sizes Vig to 1% in. types. Standard sizes #6 to 1 in. 


Flat head socket screws. Standard Button head socket screws. Stand- 


sizes #6 to % in. ard sizes #6 to У іп 





Quick-Opening Fasteners 


Selecting S mall Fastenings for Metal Closures 


Quarter-Turn Fastener 


Lion Fasteners open and close with a 
4 curn, hold sheets tightly under the 
compression of a rugged spring 
Quickly operated and fully retained 
in the outer panel, they are approved 
under U. S. Government military speci- 
fications. Stud and receptacle float for 
easy alignment and simplified hole 
preparation. Flush, oval, wing, knurled, 
ring, and key head styles available 
Sizes— No. 2, No. 5, and High Strength 
for extra heavy duty 


Cabinet Latch 


Just drill a hole, push the fastener stem 
through, and slide the special push-on 


3k Quotation from " Designing Electronic Equip- 
ment for Maintainability'; Machine De- 
sign, July 12, 1956 


G32 


"Use captive fasteners wherever feasibl 


: E 
nuts Fasteners on equipment covers should be 


standard hand tools''* 


(John D. Folley, J' & James Ww Altman, 


for Research) 


clip into place. No welds, screws, bolts 
or rivets: the fastener 1s permanently 
installed in seconds ! 


Adjustable to any grip length or panel 
thickness, the pawl is fixed in place by 
a single set fastener's 
brightly finished knob is set off by à 
plated washer Also furnished with 


screw. The 


screwdriver operated flush head 


Spring Tension Latch 


For fastening slide-out drawers and 
hinged panels the Southco Arrowhead 
Latch is recommended. It locks or 
opens with a quarter turn yet occupies 
less than 1⁄4” inside space 


Doors are held under spring tension 

a push against the arrowhead knol 
relaxes this tension, allows operation 
with fingertip ease Drill a single hole 
for installation—no fastening to the 
door is necessary. No striker plate 
is needed 


Pawl stop is eliminated —arrowhead 
shows at a glance exact position of 
pawl 


260 Industrial Highway 


Re еа 


Adjustable Panel Latch 


Small doors and panels can be fastened 


with greatest speed and lowest cost 


with the Southco Adj 


The entire fastener is q 


through TWO holes I 


f lr t 
DOLLS OF rivets 


100г; По 


It operates with aq requires 
no striker plate An xtra twist. after 
the nylon pawl is engaged Ils up the 
door to form a 


vibration 


eliminate 


Free 
Fastener 
Handbook 

Send tor your tree copy of Fastener 


Handbook No E Just release 


complete engineering data on thes: 


Gives 


and many other special fasteners 


Fifty-two pages, in two colors 


Write on your letterhead to Southco 
Division, South Chester Corporation, 
Lester, Pa 

/ 


/ 


/ 


FASTENERS 
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Simplified Bolting and Riveting 


in Blind Applications 


For fastener applications accessible only from one side of the 


work, you can now bolt or rivet without special tools... 


Blind Bolt... 


tts aie aS‏ تە 


y 


0 ROS 

[| | 
SE 
© 


[1] 


[his ıs the Southco The pin ts driven flush, 








Driveboltc’ Fastener expanding a head on 
A nut is screwed on blind side of hole. Pin 
and the bolt is in- is then further depressed 
serted from one side with screwdriver blade 


of the work to clear slot 


À 


Blind Rivet... 


ү 
кы 


[1]Southco Drive Rivets are inserted in holes from 


l E 1 
one side of work 


[2]The grooved pin is driven flush, from the same 

side, with an ordinary hammer. No special tools 
are required. Four prongs expand to form blind 
head, forcing parts together in a tight vibration- 
proof joint. No pulling, twisting, grinding or 
finishing is necessary 


/ 
/ 


Working from open side, bolt 
is kept from turning by screw- 
driver, nut is tightened with 
wrench. Result—bolted 
strength achieved from one 
side of job 


Fastener Handbook 


Send for your free copy 
of Fastener Handbook 
No. 7, just released. Gives 
complete engineering 
data on these and many 
other special fasteners 
Fifty-two pages, in two 


colors. 


Write on your letter- 
head to Southco Divi- 
sion, South Chester Cor- 
poration, 260 Industrial 
Highway, Lester, Pa 


/ 
/ 
LIZZID -.----- 


, 


/ 


/ 
, 
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WHICH IS YOUR 


Reducing 
Production Costs? 


Modern adhesives from the research 
laboratories of 3M often cut your 
fastening costs. Unskilled or semi- 
skilled labor can apply them fast and 
easily with simple equipment. Too, 
a 3M adhesive material can speed 
assembly, eliminate costly operations. 


This worker quickly brushes EC-321 on the 
metal interior of an incinerator cabinet. 
The 3M adhesive will bond fibrous glass 
insulation in place. 


3M ADHESIVES 


do all three! 


Fastening 
Problem? 


Improving 
Product Performance? 


3M adhesives provide secure, depend- 
able fastening because they distribute 
fastening loads and flex to resist 
fracturing. They can also add to 
quality by reducing weight, allowing 
smoother contours, joining complex 
shapes and damping vibration. 


EC-404 holds this acoustical pad in place 
under the automobile roof without sagging. 
3M adhesives give continuous contact 
between mating surfaces. 


Improving 
Product Durability? 


3M adhesives offer designers fastening 
materials that resist corrosion and 
can shut out corrosive moisture, gases, 
dust and liquid. What’s more, they 
resist age and weathering. Many resist 
heat, fire, water, chemicals, solvents 
and detergents, as well. 


A film of EC-226 anchors a rubber floor 
pad firmly to steel in this railroad car. By 
sealing moisture out of the entire bond area, 
this 3M adhesive also prevents corrosion. 


Hundreds of 3M adhesives, coatings and sealers are 
helping designers in a thousand varied applications. A 


wide range of 


application 


methods, tack and cure 


characteristics assure greatest production efficiency. 


See what adhesives can do for you 


consult 3M research. 


Contact your 3M Field Engineer. Or for free liter- [oco] 


ature and more complete information, write: 3M, 


Dept. PDH, 417 Piquette Ave., Detroit 2, Mich. L#seasc*| 


\ ADHESIVES AND COATINGS DIVISION, MINNESOTA MINING AND MANUFACTURING COMPANY 


417 PIQUETTE AVE. DETR 


MAKERS OF "SCOTCH" sranc 


REFLECTIVE GHEETINGS 


2, MICM. € GENERAL SALES OFFICES: ST. PAUL €, MINN. € EXPORT: 99 PARK AVE.. N. Y. 16. N. V. © CANADA: P.O. BOX 757 


LONDON. ONT. 


PRESSURE - SENSITIVE ADHESIVE TAPES & "SCOTCH" BRAND SOUND-RECORDING TAPE è “SCOTCHLITE” BRAND 


ABRASIVE PAPER AND CLOTH è “JM” ADHESIVES AND COATINGS è “IM” ROOFING GRANULES @ “3M" CHEMICALS 
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for strip-proof 
wear-proof 
threads 


to eliminate \ 


cumbersome 
locking devices 


to eliminate 
tapping costs 


ыз чї 


accept thes) 
e Le ч 
Ф” y 
I 
#нец-соп 
SERVICES 


to bring an early end to your 
threaded fastening problems 


= mu 


ш NE ш NN 


üm mm 
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* Reg. U. S. Pat. Off. 


* HELI-COIL SCREW-THREAD 
INSERTS 


These precision-formed coils of wire form 
vastly superior permanent threads in 
tapped holes. They are corrosion-proof, 
strip-proof and so strong that even in soft 
metals excessive torque will shear off the 
bolt before the female threads will strip. 
This means smaller, fewer fastenings- 
less bulky design. 


* * HELI-COIL '*MID-GRIP" 
SCREW-LOCK INSERTS 


Now designers can do away with lock nuts 
and lock wiring and all their attendant 
problems of space, weight, cost, and diffi- 
cult assembly. This new fastener is a 
stainless steel wire insert with locking 
threads that put the locking action inside 
the tapped hole, holding standard screws 
or bolts with the same torque as a lock nut, 
and protecting the tapped threads for life. 


HELI-COIL PUSH INSERTS 


Provide ready-made female threads — no 
drilling or tapping — for non-structural 
parts. Often less than one cent per thread 
installed. Can be pushed direct into cast or 
molded, blind or through-holes in soft, 
light materials. Tool up for a few dollars. 


"m 


LA , a" БЕ с NU 


HELI-COIL CORPORATION 
170A Shelter Rock Lane, Danbury, Conn. 


ч 
DD) 
z ] Send complete catalog file on all 3 types of Heli-Coil Inserts. 
] Have nearest Heli-Coil Applications Engineer call to study my prob- 
lem, advise how Heli-Coil Inserts can help. 
(0 Put my name on subscription list for “Heli-Call,” 
periodical. 


free case history 


Name 
Company 
Address 


i 
Zone State 
" B B B ) DP EE 


In Canada: W. R. Watkins Co. Ltd., 41 Kipling Ave. S., Toronto 18, Ont. 
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Tailor- Made Fasteners in Volume Quantities 


E MINIATURE BATTERY + POLYETHYLENE 

CONNECTORS MOUNTING FOOT 
For use with sma B't t No mar no scratch glide 
айога К positive ү r Ог ¥ receivers, rec 


zed electricc € | 3nd small appliances. Assemble 
r le space savings on nto round hole in either wood or 


VIBRATOR GROUNDING t 
FASTENERS 


saded or non 
bea 1 brato Vibrator Can 
grounded ! hass 
prongs designed to h 


types of Cans 


4 NYLON COIL NUT 


Designed to snap into a TV tuner 
and receive a 4-40 or 4-48 coil 
adjusting screw. No coil form or 


thereby speedir a nbl пе : orm fastener required 


опа reaucing co 


SPEAKER MOUNTING 
NYLON SNAP-IN NUT 


BOLT 


as insulator between 

chassis and cabinet 

` A nto square chassis hole 

K Ц 'cures to abinet with 


netal screw 


B PLUG BUTTONS 4 QUICKEY FASTENER 


Eliminates need for welding or 
Made t 
swaging studs to sheet metal 
nesting, 
age in transit be 


Quickey snaps in just ‘be 


final assembly 


TRIMOUNT STUDS E 


.e« designe 
device? \ 


уед i 


Ai 
р "ue: 
py United 


ufaccure? 


UNITED-CARR 


FASTENER CORP. 
CAMBRIDGE 42, MASSACHUSETTS 
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Issue No. 4 


crew ews 


& MIfg. Cc 


Bartlett, Illinois 


We specialize in 
Solving Puzzling 
SetScrew Problems 


EXTRA! 


SPECIAL SET SCREWS SAVE 
One Manufacturer 542,000 


. . . Another $35,000 


. . . and Another SAVED the 
ENTIRE COST OF SET SCREWS 


These and similar savings are being accom- 
plished by using special type Setko Set Screws 
to overcome costly 
поп 
failures 
production step-up 
and screw inventory reduction, etc. Let us 
show you how we can Save YOUR Plant 
Some Real Money in 1956 with Set Screws 
designed to your particular problems. 
Use coupon below to get Test Samples 


no) 
А Score of Manufacturers 
Find Hopper-Feeding Pays for 


lifficulties such as vibra- 
close-precision setting fastener- 

or to obtain 
up to 10 times) 


floor loss 


increases 


solve 


Itself...then goes on SAVING 


In the first year of its 
manufacturers report that 
per-feeding of various type set screws have 


a number of 
savings from Hop- 


Of eration 


already paid back cost 
mechanism 


of installing special 
Because it requires 1/5 to 1/10 
former time, eliminates cross-threading, rejects 
misfits, etc. Use on metal or plastic products 
Let us send you list of users and arrange for 
special Hopper-Feeding Demonstration at our 
plant. Check Coupon Below 


Секо) 
learn How To Get 


MONEY-SAVING Jewel Case 
of Set Screw Ideas 


Over 30 different 
actual Setko Set 
Screws and Socket 
Keys sent on 
those responsible for 
specifying or order- 
ing set screws. Send 
for Bulletin 
full details 


ioan, to 


giving 


Check Jewel Case 
Bulletin" on Coupon 


Hopper-Feeding 
Test Samples 
(To meet our problem 
described on separate 
sheet.) 
(J "Jewel Case" 
Bulletin 


] Set Screw Catalog 


Such SAVINGS were made possible 
by New Type SET SCREWS like these 


Pat. Pend 


Nu-Cup 42 Hi Torques 
^. i А 
Puint Permits | with 


Slotted, Fluted 
or Hexagon Type 


Set Screw & Mfg. Co. 


n column at left 


Here are only a few of the more than 
30 different kinds of Setko Set Screws 
that can save you money. Send for full 
details; check on coupon below, space 
marked "Jewel Case Bulletin." 


Self-Locking Set Screws 


Effect Savings of 25 to 50% 


For use where “flush” insertion is desired; 
made with an undersized slab; can be 
set to same holding power as equivalent 
size socket screw, at 25 to 50% less cost. 


egeo 


This screw and others con be supplied 
4 with NU-CUP POINT for Greater Holding 
Power. 


Saves Money by eliminating costly slip- 
page, cracked screw heads, etc. Proved 
by actual comparison Test. 


cD 


4 Multi-Fluted 
self-Tapping Set Screws 


Cut Costs... Save Taps 

... Save Time 

Additional cutting edges make tapping 
easier, produce better thread. Especially 
good on plastics applications. Complete 
size range includes smaller sizes. For full 
details check "Jewel Case Bulletin" on 
coupon below. 


Fill Out and Mail Coupon Now. 


153 Main St., Bartlett, Illinois 


| am interested in Saving Money. Please send me information or materials on subjeots checked ї 


МҮ МАМЕ 


СОМРАМҮ 


ADDRESS 
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nylon fasteners... 


/ 
what's SCREWS - BOLTS 


so special  мутѕ . WASHERS 
about 


precision? 


Readily available from stock in hundreds of sizes 
in all types of heads meeting American Stand- 
ards B 18.6-1947 and B 18.2-1952 


To this little fellow building the 1956 ROUND HEAD MACHINE SCREWS 
"dream car", precision is a bent nail or FLAT HEAD MACHINE SCREWS 


a split board. To modern automotive 
engines and aircraft power plants, PRE- FILLISTER HEAD MACHINE SCREWS 


CISION is a most important element. BINDING HEAD MACHINE SCREWS 
That is why CHANDLER specialists HEXAGON HEAD CAP SCREWS 
are working harder than ever to supply HEADLESS SLOTTED FLAT POINT 
cap screws to closer tolerances to meet SET SCREWS 

your new requirements. Chandler is 

producing the finest fasteners today in HEXAGON MACHINE SCREW NUTS 
all of its 25 years of experience. Chand- FLAT WASHERS 

ler is specializing in mass production of 
bolts from high alloy steels . . . with 
special heads or threads . . . with drilled 
heads or shanks . . . ground to close tol- i Р 
erances... and with threads rolled after sion and Impact . . . Available in Colors... 
heat treating. Tensile strengths up to 15,700 p.s.i.... 
There is a Chandler cold wrought fas- Special nylons withstand continuous heat 
tener to meet your specifications. And up to 300 F. 

remember, at Chandler . . . there is Special parts of Nylon and other Non- 
nothing special about PRECISION be- Metallics engineered to your requirements 


cause we do it every day. 
— ЧИРИ Write for details. Dept. PH. 


Lightweight... Self-locking ... Insulating 
. » » Non-corrosive . . . Resistant to Abra- 


6862-CH 


Write today for 


— IH DIUI 
HANDLER PRO: DUCTS 


PRODUCTS 
CORPORATION 


449 Watertown Street 
1497 CHARDON ROAD ¢ CLEVELAND 17, OHIO Newton 58, Mass. 
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How carbon affects 
fastener performance 


Screw fasteners may look identical, but the microscope 
reveals a wide difference in their ability to ''take it'' 


Common hexagon 
socket key stock, 
showing the decar 
burized surface. Re- 
sults in an undesir- 
able soft outer skin. 
Wear on corners. 


CHICAGO hexagon 
socket key—after car- 
bon restoration. Uni- 
form hardness all the 
way through. Gives a 
stronger, longer wear 
ing key. 


Common heat-treated screw thread, 
with soft decarburized outer skin 
which causes excessive wear and 
breakage. Will loosen under vibration. 


Thread with carbon restored, showing 
uniform hardness throughout. Insures 
accurate fit, freedom from scale. Per- 
mits tighter wrenching. 


The ability of a screw fastener to 
stay fastened depends to a great de- 
gree on its uniform hardness. And 
the hardness of steel hinges on the 
precise amount of carbon in its struc- 
ture. However, during steel manu- 
facture and processing, vital surface 
carbon is inevitably lost. As the 
above photomicrographs show, lack 
of surface carbon results in a soft 
outer skin in the finished fastener. 
Decarburized outer layers are the 
cause of many fastener problems: 


thread stripping, fatigue failure, ex- 
cessive wear, loosening under vibra- 
tion, soft corners on socket keys that 
turn off during use. 

The soft "decarb" layer is elimi- 
nated by the unique “Carbon Restora- 
tion” process used by The Chicago 
Screw Company. In this process, sur- 
face carbon is replaced during heat 
treating, producing a fastener that is 
uniformly hard from core to surface! 
The amount of carbon restored is 
precisely controlled to give maximum 


hardness without excess carbon build- 
up. The Carbon Restoration process 
also results in bright hardening and 
freedom from scale. 

All curcAGOo "Safety-Plus" Socket 
Screw Products and heat-treated cap 
screws have the benefit of Carbon 
Restoration plus complete quality con- 
trol procedures from raw material to 
finished fastener. If you would like 
complete information and catalog, 
simply write our Standard Products 
Division. 


THE CHICAGO SCREW COMPANY 


DIVISION OF STANDARD SCREW COMPANY ө 
2670 
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WASHINGTON BOULEVARD, BELLWOOD, 


ESTABLISHED 1872 


ILLINOIS 





Metal fibers stay intact for great- 
est strength. No drilling, cutting, 
broaching to weaken socket walls. 


ж 
2 


HOLO-KROME SOCKETS COMPLETELY FORGED! ^7 Е 


Р 


Hex key bears evenly against 
smooth untapered walls. The 
results: easier, faster assembly 
. . « longer key life . . . fewer 
damaged screws! 


socket 
screws 


Sockets are formed deep enough 
for hex key to get a firm, solid 


H-K CONTROLS SOCKET DEPTH FOR TOUGHER SCREWS! - S х «У Î bite... yet scientifically propor- 


tioned to give maximum strength 
to the screw head. 


LTR A The hex key fits better, bears 
H-K's SHARP SOCKET CORNERS RESIST REAMING ! E I EN evenly under pressure, gets a 


solid grip for positive fastening. 


IT TAKES 26 YEARS OF SKILL, EXPERIENCE AND KNOW-HOW TO TURN OUT A HOLO-KROME SOCKET SCREW! 


FOR THE FINEST IN SOCKET SCREWS . .. FOR UNMATCHED Ам К УУУ К К 
SAME-DAY SERVICE . . . THE NAME TO REMEMBER I$ is aliii 


HOLO-KROME 


5 E A а e 
THE HOLO-KROME SCREW CORP. HARTFORD 10, CONN. \ ® \ ® “4 NS BN 
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B.F. Goodrich Rivnut 


cuts fastening time, saves money by 
doing two jobs in one — 


жок Е к ni m e УУУУ С F 


like these? С ГГ 
d AF KS 


RIVNUT 


N ? ў 
In airplane window seal, Rivnut rivets plate 
(A) to center post (B), provides nut plate 
to hold clamp strip (C). Rivnut head serves 


as spacer for transparent plastic sheets (D). 


Result: a neat, weather-tight seal! B. F. GOODRICH RIVNUTS cut costs and speed assembly 
because they rivet two parts together, make a firm, accurate 
nut plate for a third. And they do both jobs in one quick 
operation! Rivnuts can be installed from one side, take 
an attachment bolt from either end. They eliminate 
welding, tapping, clinching. 


ш 


In the transformer assembly above, one worker fastens 
the metal cover (A) to the plastic sheet (B) with Rivnuts 
in seconds. Rivnuts then serve as mounting lugs for attach- 
ing completed transformer to mounting plate (C) 


B. F. Goodrich Rivnuts have speeded up thousands of 
In vaporizer assembly, Rivnut rivets upper fastening jobs — can do the same for you. Write today to 
flange (A) to casing (B), makes firm, B. F. Goodrich Company Tire & Equipment Division, Rivnut 
accurate nut plate for attachment to lower Sales, Akron. Ohio. 
flange (C). Rivnut eliminates reinforcing 
plate. Result: less assembly time, fewer 
parts, better product 


SEND NOW FOR FREE 
RIVNUT DEMONSTRATOR 


Demonstrates with motion how 
you can use Rivnuts to fasten 
WITH and TO. Explains construc- 
tion, simplicity of installation. Get 
your free copy today by writing to 
The B. F. Goodrich Company, 
Dept. DD, Akron, Ohio. 


Rivnut provides 6-thread nut plate for æ d OO TIC 
attachment from either end—or both. In 
spotlight assembly, Rivnut replaces awkward 
welded stud for attaching socket (A). Plug 
base (B) is attached on other side. Result: 
fewer operations, lower assembly cost. 
The only one-piece blind rivet with threads 
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duction costs. 


SHAKEPROOF® LOCK 
WASHERS. Exclusive tapered 
twisted teeth provide maximum 
locking power . .. 9 standard types 
job-tailored to help you build a 
better product at lower cost. 


KEPS® pre-assembled nut and 
Shakeproof Lock Washer elimi- 
nate lost and forgotten lock wash- 
ers. Now available in six types for 
every need. 


SHAKEPROOF® SPRING 
WASHERS. A broad range of 
styles and sizes for spacing and 
control of shaft tension, designed 
by Shakeproof engineers to re- 
duce mass-assembly costs. 


SHAKEPROOF® THREAD- 
CUTTING SCREWS. 3 types for 
metals and plastics tap and fasten in 
one operation to eliminate all the extra 
costs of separate tapping . . . assure a 
perfect fastening everytime. 


SHAKEPROOF® TERMINALS. A 
complete line of terminals for every 
electrical need designed to fasten 
easier, hold more securely, keep as- 
sembly costs in check. 


SHAKEPROOF® SEALING FAS- 
TENERS. Now Keps, Sems, Lock 
Washers and Thread-Cutting Screws 
can seal against water, gasoline, oil 
and dirt with a positive mastic seal for 
maximum product protection. 


SEMS-by-SHAKEPROOF. 
Only one unit to handle with these 
pre-assembled screws and Shake- 
proof Lock Washers. Speeds as- 
sembly, cuts costs, protects pro- 
duct from loosening vibration. 


LOKUTS® Reduce assembly 
time and problems with these pre- 
vailing torque type self-locking 
nuts that stay tight wherever 
placed on a threaded stud. 


SHAKEPROOF ® 
MODEL "400" 
POWER SCREW 
DRIVER 

The finest auto- 
matic screw driver 
ever built, perfect 
for automated as- 
sembly lines. Fea- 
tures non-jamming 
track and large os- 
cillating hopper. 


SHAKEPROO 


bud s B 

endi 

^ 
Li 
SPECIAL SPRING 
CLIPS. Fastex special 
spring steel clips speed 
assembly . . . reduce pro- 


"d 


"4 


LASTI-GROMMETS [2d 
trong, self-retainingt 1 Self-re 


PRECISION STAMP- 
ED GEARS. Complete 
range of types and sizes 
made from standing tools 


St. Charles Road, Elgin, Illinois 


195 Algonquin Road, Des Plaines, Illinois 


and economy 


QUICK FASTENERS. 
Quarter-turn fasteners for 
maximum Convenience 


PLASTI-PLUGS 


p 


PLASTI-RIVETS& 
One-piece, self-expand- 
ing plastic rivets for blind 
assembly production 


7 


PLASTI-SUPPORTS | ~ 
One-piece plastic fasten- 
ers for supporting shelves 


and trays 





from SHAKEPROOF and FASTEX 


to your fastening and component problems! 


SHAKEPROOF —WORLD'S BROADEST LINE OF MASS-ASSEMBLY FASTENINGS 


Well-known for its first in pre-assembly, the Shakeproof Division offers a line of fasteners designed 
to speed, simplify, and reduce the cost of mass-assembly operations. Taken for granted today, 
pre-assembly fasteners by Shakeproof have become an important first step in automation. 


Select the exact fastener you need from this job-proved line, designed 
specifically for mass-assembly savings. Send for this informative 
catalog containing more complete details. 


In Canada: Canada lllinois Tools Limited, Toronto, Ontario 


T.M 


FASTEX ENGINEERED COMPONENTS—METAL AND PLASTIC 


Fastex produces fasteners and engineered components 
npe rigen designed and produced for special purposes. Ranging in materials from 
ERS. With internal teeth g p p purp : ging 
for positive retention of metals to plastics, and in products from rivets to gearing, Fastex 
shafts and studs, or ex- is organized to serve industry with maximum design 


айк банда ог ор 99 flexibility and production speed. 
holes or counterbores. , 


i 


pn—— ИЯ 


d Write for descriptive literature 


confaining complete 


NYLON SPIROID® technical data and specifications 
GEARS. A new develop- "SPEED NUTS''* 

ment in gearing offering Economical | 

outstanding, space and nuts assure 

weight economies. е sembly at 





GROOV-PIN FASTENERS: 


for Products Improvement 


GROOV-PINS 


Press Fit Fasteners 


TAP-LOK® INSERTS 


For Strong Threaded Connections 


Defy Vibration — Shock 
Reduce Assembly Time and Cost 


No Reaming — No Tapping 


GROOV-PINS The pioneer of all 


fasteners of this type, Groov-Pins are 
locking press fit fasteners which have 
proven their practical usefulness in a 
multitude of applications throughout 
more than 25 years. They hold well 
under conditions of shock and vibra- 
tion, and eliminate the need for special 
hole preparation .. . reaming, peening, 
tapping, milling. Only a straight drilled 
hole is needed. Pins may be driven by 
hand, air cylinder or hydraulic press. 
They are usually cut from cold rolled 
steel (or other metals where conditions 
require) into which longitudinal 
grooves are rolled or pressed to deform 
the pin stock within controlled limits. 
When the pin is forced into a hole, the 
constraining action of the hole wall 
causes displaced material to flaw back 
and effect a locking fit within its elastic 
range. 


$09" », 


TAP-LOK INSERTS These internal- 


ly and externally threaded bushings of 
steel or brass were designed as per- 
manent fasteners to increase thread 
holding strength in comparatively 
weak materials . . . aluminum, magne- 
sium, plastics, wood, etc. Their unique 
self-tapping feature substantially re- 
duces assembly time and cost, by elim- 
inating separate tapping operations, 
hole preparation, secondary staking. 
They withstand vibration without 
loosening and permit application of 
standard threaded fasteners without 
danger of stripping threads. The in- 
creased shear area obtained allows full 
utilization of the tensile strength of 
threaded fasteners. Used widely as 
original equipment, they are also 
excellent for salvage, and repair of 
stripped threads. 


GROOV-PIN CORPORATION 


1132 Hendricks Cavseway 


Ridgefield, New Jersey 


Representatives in principal cities throughout the U. S. A 
IN CANADA: Metal and Wood Fastening Devices Co., Valois, Montreal 


Catalogs 


and 


Bulletins 


To obtain copies of literature 
described below, circle corre- 
sponding number on coupon 


at end of this section. 


(S-1) COLD-EXTRUDED FASTENINGS 
-Folder, 4 pp, describes upsetting of 
metal for the head of a cap screw at the 
same time as the shank diameter is 
extruded down to an accurate pitch 
diameter for the rolling of threads. 
Cleveland Cap Screw Co., 2917 E. 
79 St., Box 545, Cleveland 4, Ohio 


(S-2) ADHESIVES, COATINGS, SEALERS 
—Folder, 14 pp, lists official U. S. gov- 
ernment specifications for a wide vari- 
ety of adhesives, coatings and sealers 
is now available from Adhesives and 
Coatings Division, Minnesota Mining 
& Manufacturing Co, 423 Piquette 
Ave., Detroit 2, Michigan. 


(S-3) THUMB NUTS AND SCREWS— 
Bulletin, 2 pp, describes small round- 
head thumb nuts and thumb screws, 
die cast in zinc alloy. Gries Reproducer 
Corp., 400 Beechwood Ave. New 
Rochelle, N. Y 


(S-4) FASTENINGS—Catalog 55A, 44 
pp, describes line of bolts, nuts, rivets, 
screws and other industrial fasteners, 
including illustrations, sizes, packaging 
Clark Bros 


information and prices 
Bolt Co., Milldale, Conn 


(S-5) LockNuTs — Booklet, 24 pp, 
covers 14 topics concerning manufac- 
ture and proper installation of lock- 
nuts. Guide chart for calculating 
wrench torques, as well as all of the 
variables that must be considered in 
relation to bolt tightness and wrench 
torques, are included. National Ma- 
chine Products Co., 44225 Utica Road, 


Utica, Mich 


(S-6) SELF-TAPPING INSERTS—Book- 
let 11 pp, describes the insert and its 
uses. Groov-Pin Corp., 1125 Hendricks 
Causeway, Ridgefield, N. J 


Product Design Digest Issue 





Your unusual, 


non-standard 1) рагіѕ 


are “naturals” for Cleveland’s Custom Production... Applying 


40 years experience making Top Chuallg Cap Screws... 


Simplify your special parts production problem. 
Your quantity-run designs are handled by Cleve- 
land to your complete satisfaction, with savings 
in time, cost and machining. And they’re strong- 
er, more dependable as made by our Kaufman 
Process with our long specialized experience in 
cold extrusion and hot heading. 

We work to your exact design and materials spe- 
cifications—or stand ready to offer our sugges- 


tions for improvement in either, if you want 


LLL 


them. Watchful control follows your job; prepara- 
tion and testing of material, checking in process, 
and final inspection, to assure you parts as you 
want them—physical properties as desired, uni- 
form, accurate to close tolerances, concentric, 
correct pitch diameter, proper heat treating, and 
other limits that may apply. 


Find out how Cleveland Custom Service can help 
you in your special parts production. Write for 
folder on special headed and threaded products. 


rmn 


All of the special parts illustrated were cold-forged 
by the Kaufman Double Extrusion Process. 


The Cleveland Cap Screw Company 


4436 Lee Road * Cleveland 28, Ohio 


Warehouses: Chicago * Philadelphia +e New York « Providence * Los Angeles 
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For any fastening job... 
call on RB &W 


Spin-Lock Screws, Nuts 
increase holding power 2096 


Spin-Lock screws and nuts hold tight under conditions of 
vibration or repeated heating and cooling. Their strong 
teeth have a ratchet action on the bearing surface — the 
acute angle permits fast and easy tightening, and the teeth 
actually embed into the seat. The almost vertical face of 
the teeth then resists counter-rotation and loosening. As a 
result, it takes about 20% more torque to loosen a Spin- 
Lock than to tighten it. 

Lower cost assembly. Spin-Lock screws or nuts elim- 
inate need for washers or external locking devices. They 
allow faster assembly. 

Stronger assembly. Heat treatment gives the teeth 
hardness and toughness. The extra strength permits 
tighter fastening without risk of stripping threads. 

Screws are available with hex, pan, truss and flat heads. 
Also with Phillips or Clutch recessed heads. See Sweet’s 
Product Designers file or write for bulletins on Spin-Lock 
Screws and Nuts. 


BITING IN 


Оф "Т 


Cold heading produces 
strong, low cost parts 


Here's a product-improving fact often overlooked: 'The 
same forming operation that produces large volumes of 
strong fasteners at surprisingly low cost can also be used 
for headed, special mechanical parts. 

Cold heading upsets metal along its own axis. Flow 
lines are continuous, without folds, giving greater head 
strength against shear, fatigue and impact. Moreover, the 
material has better quality to start with, since unsound 
metal would distort or open in the operation and be re- 
jected automatically. Uniformity is assured. Finish is also 
better. 

RB&W manufactures a wide variety of special products 
on its modern cold-heading and cold-forming equipment. 
RB&W development engineers are ready to cooperate 
with you in designing special parts in order to gain the 
greater uniformity, improved physical properties and 
lower cost made possible by this specialized type of manu- 
facturing process. 


RUSSELL, BURDSALL & WARD BOLT AND NUT COMPANY 


40 Slater St., Port Chester, New York 
RB&W Fasteners—STRONG POINT of any Assembly 


Plants ot: Port Chester, N. Y.; Coraopolis, Pa.; Rock Falls, Ill.; Los Angeles, Colif. 
Additional sales offices at: Ardmore (Philo.), Pa.; Pittsburgh; Detroit; Chicago; Dallas; Son Francisco 
Sales Agents at: Milwoukee: New Orleans; Denver Distributors from coast to coast. 





or the finest in fasteners, 
it’s RB&W 


From a camp-stove to a railroad bridge—where and dependable holding power for safe and permanent 

you want parts to stay fastened for keeps, specify assemblies. If the fastener you need can’t be supplied 

RB&W —the fasteners with the 111-year record of from our large complete stocks, and production 

reliability. quantities are required, we'll design and make the 
RB&W gives you a full line to choose from... right one for the job. 

uniform quality you can count on... super-accurate (Refer to A.S.A.B.18 for dimensions on all stand- 

threading for precise fit and faster assembling... ard products.) 


There's an RB&W product for every fastening job 


CARRIAGE BOLTS 


Used in wood where 
embedding of square 
shoulder prevents rota 
tion. Alsoin harder ma- 
terial where access to 
head is barred or con- 
tour head is required 
Here, square hole is 
required 


HIGH-STRENGTH BOLTS 


High CarbonSemi-Fin- 
ished Hex Machine 
Bolt for steel structures 
or wherever stress re- 
quirements call for a 
rigid connection to stay 
tight understatic or dy- 
namic loading 


SILICON BRONZE 


A non-ferrous fastener 
with strength compa- 
rable with carbon steel. 
Resists corrosion and 
certain acid reactions 
Used extensively in 
electrical connections. 


PLOW BOLTS 


First made for farm im 
plements, now used 
where design calls fo: 
flush head. (No. 3 head 
is now nearly univer- 
sal. Square shoulde: 
must be accommo- 
dated but prevents ro- 
tation. 


CAP SCREWS 


Designed for tapped 
holes but also used with 
nuts where controlled 
body tolerance is re- 
quired. Two types 
Bright (low carbon) 
and High Carbon Heat 
Treated for greater 
strength. 


ELEVATOR BOLTS 


The large, low head is 
designed fora flush con- 
nection in soft ma- 
terial; for instance, 
buckets to belting in 
grain elevators— 
whence its name. 


TAPPING SCREWS 


Hardened Machine 
Screws designed to 
form or cut their own 
threads in sheet metal, 


castings, plast ics, etc. 


STEP ROLT 


Used in place of Car- 
riage Bolt where wider 
and lower head is re- 
quired, as in stair 
treads 


NUTS 


Square Nuts in both 
Regular and Heavy 
series. Light and Reg 
ular Series Hex Nuts 
have been consolidated 
into new Finished Nut. 
For greater bearing 
surface, Heavy Hex 
Nuts are available 


IILLIPS AND CLUTCH 


Providing fast assem 
bly and pleasing ap 
pearance, re¢ essed 
head Machine or Tap 
ping Screws also elimi 
nate driver slippage. 
Can be furnished in 
SPIN-LOCK type 


NE BOLTS 


One of the commonest 
of all fasteners with 
wide range of applica- 
tions for holding or 
clamping component 
parts securely. 


IE OLED 


For non-permanent as- 
sembly of light gauge 
metals. Must be used 
in tapped holes. 


= 
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RUSSELL, BURDSALL & WARD BOLT AND NUT COMPANY 


40 Slater St., Port Chester, New York 
RB&W Fasteners—STRONG POINT of any Assembly 





new PANELOC 


ROTARY LATCH ADVANTAGES LISTED 


BY В L Ll = f 


CORPORATION 


The next 135 words of this 
advertisement taken from 
Bell Engineers’ letters 


S. W. Esmond, Product Engineer : 

e Electronic equipment shown was designed to use 
the PANELOC Rotarv Latch at a great saving in space 
ind weight, so vital to the aircraft engineer 

e Rotary Latch assembles to door or panel itself 
no stud-to-receptack line-up proble m. 

e Tests show no sheet se paration — fastener lock 


with the effect of a nut and bolt ass mbly. 


e Vibration tests also had no effect on the Rotary 
Latch. 


F. P. Bassett, Project Engineer 
e hotarv Latch s lecte d for use on cowl access doors 


Bell's latest vertical-rising (VTOL) aircraft 


e The new PANELOC Rotary. Latch is excellent. foi 
I inged doors ind ipplic itions whe re Maximum access 


ind opening are important design considerations 


e Its simplicity vibration resistance, ease of instal 
lation and cost are other factors that resulted 


Bell's idoption of this new fastener 


e Now in use on fixed-wing aircraft, helicopters 


missiles, electronic components, 


Write for catalog 
and price list for your file 


A PRODUCT OF SCOVI LL 


Scovill Manufacturing Company, Aircraft Fastener Div 


49 ill Street, Waterbury 20, Connecticut 


Catalogs and Bulletins continued 


(S-7) RUBBER-TO-METAL BONDS 
Brochure, 8 pp, describes engineers 
who are interested in the bonding of 
rubber (natural and synthetic) and 
silicones to metals. Acushnet Process 
Co., 768 Belleville Ave., New Bedford, 
Mass 


S-8) SPECIAL NUTS 
outlines range of forms, metals, threads, 


Folder, 4 pp, 


tolerances, facings, slottings and ma 
chining which can be handled in de- 
veloping nuts for specific applications 
W ood & Spencer Co.. 1930 E 61 St.. 
Cleveland 3, Ohio 


(S-9) FASTENERS FOR SPOTWELDING 

Bulletin 561, 4 pp, describes pins, 
screws, nuts designed to be spotwelded 
into various end products. Ohio Nut & 
Bolt Co., 33 First Ave., Berea, Ohio 


Catalog, 12 


(S-10) HARDWARI рр, 
describes line of hardware built to 
armed forces specifications. J. H. Ses 


sions & Son, Bristol, Conn 


(S-11) ADHESIVES—Data chart lists 
technical data, form, percentage solids, 
iverage viscosity, fastest optimum cur 
ing time, lowest optimum curing tem- 
perature and application suggestions 
covering 30 adhesive formulations for 
bonding plastics and metals to them 
Rubber & 
ж Belleville Ave., 


selves and to each other 
Asbestos Corp 


Bloomfield, N. J 


S-12) WIRE THREAD INSERTS—Bul 
letin 625a, 22 pp, presents design data 
with thirteen line drawings, eight pho 
tographs and ten multi-page tables 


Heli-Coil Corp., Danbury, Conn 


S-13) ADHESIVES AND COATINGS 
Catalog, 1 ) 
plications of a variety of adhesives, 


pp, lists properties and ap 


coatings and sealers. Minnesota Mining 
& Mfg. Co 
а Mich 


411 Piquette Ave., Detroit 


(S-14) STAINLESS FASTENERS—Bro 
chure, 8 pp, includes data and illustra 
tions of screws, bolts, nuts, washers, 
Allmetal 
Products Co., Inc., 821 Stewart Ave 
Garden City, N. J 


rivets, nails, pins Screw 


(5-15) TUBULAR RivETS— Booklet, 4 
рр, shows how various types of tubular 
rivets are applied. Special section is 
devoted to dimensions. Townsend Co., 


New Brighton, Pa 
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Marman Stainless Steel Straps, Clamps and 
BF SENT UTE Fastening and Joining Problems 


To assemble components, join lines and ducts, airframe and engine manufacturers. 

or fasten and support accessories, use Marman 

products for utmost simplicity and greater versa- Marman's highly qualified engineering service is 
tility. Pictured below are four examples of Mar- ready to assist you, too. Call, wire or write us for 
man clamps, straps and couplings designed for full information. 


MARMAN PRODUCTS ARE 


Here, a Marman V-band coupling 
with "quick coupler" latch connects 
and seals a fuel filter and fuel line. 
Flange was machined on a special 
Aeroquip hose fitting. 


Standard Marman straps hold this oil 
cooler in place, while Marman clamps 
connect it to the bellows ducting ot 
the right 


This engine manifold is firmly at 
tached with Marman channel band 


7 couplings. T-bolt latches simplify as- 


sembly, allow quick uncoupling for 


maintenance 


Large diameter Marman V-band cov- 
plings provide rigid, high-strength 
tail cone connections on this turbo- 
prop engine. 


PRODUCTS COMPANY, INC. 


A SUBSIDIARY OF 


11214 EXPOSITION BLVD., 


CORPORATION 


LOS ANGELES, CALIFORNIA 


IN CANADA AEROQUIP (CANADA) LTD.. TORONTO 15, ONTARIO 


Product Engineering — Mid-October, 1956 


MANUFACTURED UNDER VARIOUS U.S 


CANADIAN AND FOREIGN PATENTS AND OTHER PATENTS PENDING 
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design for riveting... 
“the Tubular way” 


Here is how to apply “The Tubular Way” 

of modern riveting to your fastening problems. It can help 
get the answers you need for betier fastening .. . in 

less time and without trouble. 


{ 


for your particular job — semi-tubular, 


full tubular, split, or a "special." Specify the right metal for 


E: Choose the ۲ ght rivet 


adequate strength or special properties. Consider the need for 


plating or a special finish. 


2. Determine rivet location. Allow sufficient clearance for setting. 
Figure work-hole and clinch allowances. Examine possibility of 
setting several rivets at a time on different planes if necessary. 
Ask about Tubular’s machines for doing this. 
3. See if one rivet can do more than one job — such as fastening 
and performing hinge, bearing or contact functions. Tubular’s 
PERMA-NUTS economically combine both rivet and threaded 


lastener features. 


talk to Tubular. We can help 
you here with every requirement mentioned. We can do it to your 


Before you "freeze" your design 


best advantage at the design stage. We will be glad to recommend 
the right rivet and the right machine for the fastest, most economical 


setting method. 


Design for riveting “The Tubular Way.” 
Send prints and/or sample work for technical help. 
No obligation. Data on request. 


ubular Rivet 
¢ Stud Company 
WOLLASTON (QUINCY) 70, MASS. 
BRANCH OFFICES: BUFFALO . CHICAGO . DALLAS . DETROIT 
INDIANAPOLIS NEW YORK CITY 


LOS ANGELES NASHVILLE 


PHILADELPHIA . ST. LOUIS . SAN FRANCISCO . SEATTLE 


See your local classified directory for phone numbers. 





Catalogs and Bulletins continued 


(S-16) STAINLESS BRAZING PASTE— 
Data sheet 12, 3 pp, describes compo- 
sition and properties as well as outlin- 
ing some recommended applications 
Application procedure is also explained 
as well as methods for removing flux 
and separating joints. Wall Colmonoy 
Corp. 19345 John R St, Detroit 3 
Mich 


(S-17) STAINLESS FASTENERS— Data 
book, 52 pp, includes illustrations, 
thread and size specifications, and avail- 
ability in a variety of corrosion resist- 
ant metals of forty basic fastening de- 
vices. Engineering data relating to the 
composition, properties, applications, 
and weights of stainless steels is also 
provided. Allmetal Screw Products Co.. 
Inc., Garden City, N. Y 


(S-18) CaP Nurs — Bulletin, 1 p 
includes schematic drawings and com 
pact tables of stock sizes and dimen- 
sions, for both closed-end and open-end 
types. Gries Reproducer Corp, 400 
Beechwood Ave., New Rochelle, N. Y 


(S-19) STAINLESS STEEL FASTENINGS 
—Catalog 55-A, 24 pp, includes cap 
screws, nuts, washers, machine screws, 
sheet metal screws, wood screws, set 
screws and pipe fittings. All are shown 
with diagrams and charts of sizes to 
facilitate ordering to any specific need 
Special items, such as piano hinges, 
wire baskets, shovels, scoops are also 
described. Stainless Screw Co., 699 
Union Blvd., Paterson 2, N. J 


(5-20) THREADED BUSHINGS—Cata- 
log, Section E, 44 pp, describes fasten- 
ing that combines functions of a nut 
and a washer, for use in either wood or 
metal. Various types are pictured and 
detailed specifications given. United- 
Carr Fastener Corp. 31 Ames St, 
Cambridge 42, Mass. 


(S-21) STAINLESS STEEL FASTENINGS 
—Catalog, 64 pp, combines stock lists, 
price lists and discount sheets in one 
handy reference manual. Listing in- 
cludes over 9000 items and sizes in 
different stainless analyses. Anti-Cor- 
rosive Metal Products Co., Inc., Castle- 
ton-on-Hudson, N. Y. 


(S-22) Hot-FoRMED NuTs — Bulle- 
tin, 4 pp, includes a table of mechani- 
cal properties and a comparison of 
physical properties with cold-formed 
nuts. Pittsburgh Screw and Bolt Corp., 
Pittsburgh 30, Pa 
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What is COLD HEADING? 


Sometimes it's called cold forging. Cold 
Heading is a method of producing special 
forms from coiled wire. These forms may 
be rivets, studs, hinge pins, screw blanks, 
and other shapes and forms requiring qual- 
ity, strength and economy. 


Advantages of COLD HEADING 


1. Lower cost of raw material 


2. Better structural strength of finished 
part 


3. High speed production 


4. No scrap loss 


HELPFUL 
INFORMATION 


1. Large decimal equivalent 
wall chart 


2. Our big catalog 


Either one or both are yours 
for the asking. 


JOHN HASSALL, inc. 


HASSALL 


P. O. Box 2233H 


22 Westbury, Long Island, N. Y. X 


ESTABLISHED 1850 
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SPECIAL RIVETS 

Let us quote you on your special rivet requirements. A spe- 
cial rivet will do a better fastening job on your assembly, 
possibly improve the quality of the assembly, and lower 
your parts and assembly cost. 


"itt 


ЕДТ 


ещ 


SPECIAL THREADED PARTS 


The accompanying illustrations show types of special 
threaded parts Hassall has made to order. Often new de- 
signs or added features are suggested by Hassall to im- 
prove the function of threaded parts or to lower cost. 
We suggest that you write us regarding your particular 
problem. We may be able to help you. 


SPECIAL NAILS 


A nail specifically designed for your needs is sound econ- 
omy if its use improves your product. Special heads, points, 
collars, diameters, barbing, threading, metals and finishes 
may make a nail do a better job in your assembly. Send a 
description or sketch. We will gladly send our quotations 
or recommendations promptly. 


We are, of course, equipped to do all secondary opera- 
tions such as fluting, knurling, swaging, slotting, rehead- 
ing, threading, drilling and plating. 


We work in any metal and whether your run is large or 
small, ask for a quotation. 





PRODUCT DESIGN-ENGINEERS 


Here's an 
Important 


Let Our Experienced Designers 
Work With You in Creating 


$mart, Modern Hardware... 
o 
Engineered to Cost You Less 


National Lock design engineers are specialists 
in creating distinctive hardware to meet your 
individual requirements. With an extensive 
background in materials and production tech- 
niques, they can help you secure more for your 
dollar investment. These National Lock stylists 
will work independently or in cooperation 
with your own designers. This service covers 
a wide range of items, including zinc die cast, 
aluminum die cast, stampings, plastics in both 
compression and injection molding. Write us 


for full information on how we can serve you. 


all from J/source 


REFRIGERATOR HARDWARE 
CABINET HARDWARE 
STOVE HARDWARE 

FURNITURE TRIM 
BOLTS 
SCREWS 


CASTERS 
KNOBS 


HANDLES 
HINGES 


NATIONAL LOCK COMPANY 


ROCKFORD, ILLINOIS 





use these 


GRIPCO CLINCH NUTS 


with the exclusive 


# ( 


feature 


for “fixed’’ fastenings for “hard- 
to-reach" or blind assemblies. 
They wear longer, hold tighter, 
give greater customer satisfaction. 


See how leading appliance manufac- 
turers get lower cost fasteners into 
inaccessible places. _ p 


@ 2 


Applications 


for leg leveling 
ond crating on 


à all appliances 
Nut Nut Nut & 


Clinched Staked-In Hex Hole Be 
Solid To Float fore Clinching 


Gripco Clinch Nuts can be either 
clinched solid for a rigid application or 
staked in with a six point staking 
punch to give a floating effect. This 
floating effect takes care of misalign 
ment and makes the application of 
the bolt easier. Gripco clinch nuts can 
be clinched or staked with stationary 
or portable hydraulic or air equipment 
Details on request. Write for samples 
and data sheet. 


Automobile 
Frames 


GRIPCO Pilot Pro- 

) jection Weld Nuts 
Circular pilot accurately 

positions nut in the bolt 

hole, for resistance 

welding. No jigs neces 

sary. Two pilot heights 

ч. 4 for different gages of 

| meta! 


EP GRIP CO 


LOCK NUT = 


@ To Hold Tighter 


or GRIPCO Coun- 
tersink Weld Nuts 
The special counter 
sink feature eliminates 
the possibility of hot 
metal particles lodging 
in the threads; thus no 
retapping is necessary 


@ To Last Longer 


@ To Cost Less 


ج 


23 
D 
= 


fs 


in these and hundreds of other ap- 
plications where stress, wear or 
vibration is a factor. The Gripco Lock 
Nut, with its simple, one-piece 
design, has given industry a tighter, 
more positive holding action for 
quicker fastener application at less 
initial cost. No inserts, outside de- 
vices or complicated features — the 
Gripco Lock Nut holding or locking 
action is inherent in the nut itself — 
it costs less to use, gives an easier, 
faster locking and holds tighter for 
a longer time. Impervious to oil or 
water. For faster production, lower 
manufacturing and maintenance 
costs, look into the Gripco Lock Nut 
today. i 
GRIPCO PRODUCTS INCLUDE: Gripco Lock Nuts, 
New Gripco “Clinch” Nuts, Gripco Hi-Nuts, 


Gripco Pilot-Projection and Countersunk Weld 
Nuts with or without Gripco locking feature. 


NUT COMPANY © 


102 Maple Ave., South Whitley, Indiana 
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Cic Г DEVICES 


INSTALL FACT i 


орем FAST F 


созе 4 


HOLD 
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"Fast" means a lot of things when you're 
talking about production line fabrication, 
equipment operation or maintenance and 
service. |n every case "fast" means 


~ . CAMLOC, because Camloc Fastening 
К Devices are designed with all mean- 


v 
p ^ ings in mind. They speed up main- 


=ч 
k 


tenance and service of operating 

equipment by providing quicker acces- 

sibility to vital components . . . and 
they save manufacturing time and money 
by affecting production line economies 
during fabrication. 


Camloc Fastening Devices not 
only install easily and quickly, 
but also permit greater tolerances 
between sheets; support heavy 
SG, loads without binding. And 


( 
ET. 


they're designed to withstand 
severe shock and vibration 
(you'll find them on America's 
fastest aircraft; on access panels, 
doors, cowlings, electronic 
equipment). 
For fast fabrication, fast open-close 
—, action, fast holding . . . whatever 
"fast" means to you . . . it always 
means Camloc. 


Complete catalog information on any of 
Camloc's fastener products is yours for 
the asking . . . just specify your interest. 





FASTENERS J, 
a SPECIALIST n the 
SPECIALS //^/) 


FOR MORE THAN 100 YEARS, Buffalo Bolt 
has been making both fasteners and friends by supplying the 
best in products and service 


OUR ENGINEERING EXPERIENCE helps designers create Strong, etticient 


specials to solve tough and unusual fastening problems 


OUR PRODUCTION turns them out spei lily at a uniform high 


quality . .. controlled from billet to bol 
YOU GET BETTER competitive products, faster lower-cost 


assembly and complete satisfaction with fasteners and service. 


When it's something special in fasteners call on us 


BUFFALO BOLT CO. 


CENTRAL OFFICE 
North Tonawanda 


JAckson 2400 (Buffalo) 


WESTERN OFFICE EASTERN OFFICE 
Chicago New York City 
HArrison 7-2179 REctor 2.1888 


eb to ask f ew Sy ts | 0 


Ex 


FOR FAST HELP 


on 


DESIGN PROBLEMS 
. . . consult the 


PRODUCT INDEX 


of this 


DESIGN DIGEST 
ISSUE 


(Begins on Page 12) 


Every product adver- 
tised in this issue is in- 
dexed there for ready 
reference. 


Among them may be 
exactly what you need 
right now. 


The advertisements for 
all these products will 
give you many useful 
ideas ... and more infor- 
mation is quickly avail- 
able from each adver- 
tiser. 


To get any additional 
facts you want, use the 
handy post cards in front 
of this issue, or the cou- 
pons you'll find at the end 
of each DESIGN DIGEST 
ISSUE Section. 
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HOW TO 


GREER STOP NUTS are A N approved 


TYPES AVAILABLE 


Steel-Aluminum-Brass and Stainless Steels in 
conventional finishes normally carried as stock 
items. Special alloys and finishes upon request 


№ 


d 
% \ 
a 

Y 
— 


o 


VALUABLE BOOKLET 
to help you in designing 


This booklet enables you to have complete 
details at all times right at your finger tips. 
It contains 32 pages describing and listing all 
types of Greer Stop Nuts. Tables giving class, 
thread, width, height and weight simplify 
ordering. The booklet is indexed and easy 
to use. Your copy sent upon request 


GREER STOP NUT CO. 


2620 Flournoy St., Chicago 12, Ili. 
Phone collect, VAn Buren 6-1636 
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WITH 


GREER STOP NUTS 


@ When space and weight are important 


@ When vibration, stress or impact must be 
guarded against 


@ When thread corrosion-thread failure and 
liquid seepage cause problems 


@ By providing re-usability 


© By simplifying assembly 


Greer Stop Nuts with the green 
compression collar are made in 
sizes to meet all requirements from 
small instruments to such large 
applications as Diesel locomotives. 


The green insert or collar gives a 
friction grip on the threads of the 
bolt and holds fast under the most 
rigorous conditions of use. This 
does not in any way weaken or dis- 


INSTRUMENT tort or gall either the bolt or the 
MOUNTING 


assembled parts. 


We will gladly send free a sample 
Stop Nut for testing. Simply write 
on company stationery the size and 
application, or use handy coupon. 


GREER STOP NUT COMPANY 


2620 Flournoy St., Chicago 12, Ill. 
[O Please send sample stop nut for use 
Qn —— ————— — — sire — 


C] Pleose send booklet 


Company Name... 
Your Nome 
Address 


City 





STANDARD 





SUB MINIATURES 


Now you can get sub-miniature "key-locking" inserts 
in 0, 1, 2, 3, and 4 thread sizes. Sub-miniatures, made 
only by Kelox, offer design engineers the opportunity 
for mé iking small assemblies even smaller and lighter 
Identical to regular Kelox inserts, these new “Кеу- 
locking" sub-miniatures will not rotate or loosen with 
vibration . . . provide maximum holding power . . . save 
weight and space 


SAVE WEIGHT... 
SAVE SPACE 


„mn KELOX 


The Kelox system of threaded and tapped inserts offers the 


ultimate in weight- and space-saving design. Maximum 
holding power between parent and bolted piece is ob- 
tained because patented “‘key-locking” produces no stress 
concentrations and permits complete use of external 
threads. Independent laboratory tests have verified that 


"key-locking" successfully withstands application of 


maximum torque. 
Low cost, easy-to-install Kelox inserts are available 


for internal thread sizes from 0 to 3 inches. Made of 


many materials (alloy steel, corrosion-resistant steel, 
brass, aluminum alloy, monel, etc.), Kelox inserts are 
also available with thin 
or thick walls for use 
with various materials 
aluminum, magnesi- 
um, "pot" metal, plas- 
tic, titanium, steel, etc. 


EXTRA LARGE 


For big assemblies, Kelox extra large in- 
serts (up to any specified diameter) give 
unmatched performance — performance 
that verifies the soundness of Kelox ex- 
clusive “key-locking” principle. Only Kelox 
offers you a positive, non- rotating insert 
that does not break down protective coat- 
ings like ceramic . . . requires no special 
threads...gives maximum reduction of 
space and weight. 


Fasteners, Inc. 


580 Fifth Avenue 
New York, New York 


SALES REPRESENTATIVES— 
Universal Fasteners Co. F. D. Barringer Company Monogram Manufacturing Co. 
Centerville Road,P. O. Box 449 542 Spring Street, N. W. 8557 Higuera Street — 
Sturgis, Michigan Atlante 3, Georgia 
D. R. & W. Technical Service Company 
P. O. Box 4 
East Hartford, Connecticut 
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Catalogs and Bulletins continued 


S-23) EPOXY ADHESIVE — Bulletin 
2501, 2 pp, provides details on surface 
preparation, application, assembly of 
parts to be bonded and characteristics 
of the adhesive. Houghton Laborato- 


ries, Inc., Olean, N. Y 


5-24) SET SCREWS—Catalog 19, 24 
pp, gives dimensions, prices, design 
details of socket screws, pipe plugs, 
other fastenings. Set Screw & Mfg. Co., 
Bartlett, Ill 


5-25) LOCK WASHERS—Catalog, 30 

pp, describes line of fastenings that 
includes external, internal, heavy duty, 
countersunk, external-internal, dome, 
wide and narrow rims, twisted tooth 
designs. Locking action is described 
and illustrated and special uses of each 
available type of washer described 
Sizes and dimension tables are pro- 
vided. Shakeproof Div., Illinois Tool 
Works, St. Charles Road, Elgin, Ill 


S-26) SELF-LOCKING NUTS—( 
log, 24 pp, has engineering data, speci 
fications and price list. National Ma 
chine Products Co., 44225 Utica Road 
Utica, Mich 


S-27) ALL-METAL LOCKNUTS 
Folder, 4 pp, describes locking action 
Applications of the nut are illustrated 
in small drawings. Standard Pressed 
Steel Co., Box 782, Jenkintown, Pa 


S-28) SOCKET SCREWS—Data sheets 
list physical properties of socket screw 
products. Bristol Co., Waterbury, Conn 


(5-29) Кмов LocK—Data sheet, 2 
pp, describes kfob locks and pull 
handles for holding control settings 
under conditions of shock and vibra- 
tion. Raytheon Mfg. Co., 100 River St., 
Waltham 54, Mass 


S-30) HOSE COUPLING Catalog, 
18 pp, describes line of quick connect- 
disconnect hose couplings. Titeflex 
Inc., 10 Hendee St., Springfield 4, Mass 


S-31) EXPANSION JOINTS—Catalog 
E 2-55, 11 pp, describes line of pack- 
less joints used for flexible piping con- 
nections. T. R. Finn & Co., Inc., 200 
Central Ave., Hawthorne, N. J 


(S-32) Hose COUPLINGS — Data 
sheet, 4 pp, has specifications and rec- 
ommended uses. B. F. Goodrich Co 
Akron, Ohio. 
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DESIGN FOR COST-SAVINGS 
with ELACY- HO and €I/T-F0C 


Design for cost-savings with tools that will assure 
lowest production costs. EASY-FLO and SIL-FOS 
are such tools. These low-temperature silver brazing 
alloys provide, not only the widest versatility in join- 
ing metals, but also the basis for surprisingly simple, 
fast, economical production. 


A FINE EXAMPLE FROM BLACK & DECKER 


Fans for B&D portable drills are made by brazing 
steel hubs into stamped steel blades on the city gas-air 
setup shown. Parts are degreased and assembled, with 
a ring of EASY-FLO 35 dipped in Handy Flux and 
preplaced between hub and blade. Mechanism moves 
assemblies along under burners. An assembly is com- 
pleted every 6 seconds! One operator does it all! 


GET FULL FACTS IN BULLETIN 20 


It explains the many advantages of EASY-FLO 

and SIL-FOS brazed construction—and why these 

alloys assure fast, low-cost production of 

high-strength, virtually indestructible joints 

Write for a copy today. With it we will send 

M EASY-FLO and SIL-FOS Distributors W 
ere's one near you 


OFFICES and PLANTS 


BRIDGEPORT, CONN 
HANDY & HARMAN PROVIDENCE, e. 
CHICAGO, ILL 
ORIGINATORS OF CLEVELAND, OHIO 
[ГТ ГҮ] ° DETROIT, MICH 
UE General Offices: 82 Fulton St., New York 38, N. Y. LOS ANGELES, CALIF 


TORONTO, CANADA 


DISTRIBUTORS IN PRINCIPAL CITIES ин са 


HANDY & HARMAN 
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FASTENERS*CLIPS-CLAMPS-FORMS 


PRESTOLE can solve the fastening problem 
that is making any assembly operation slow, 
complicated, and costly, with a  Prestole 
special-type fastener. 


When it comes to development, design, and 
production "know-how" in the fastener indus- 
try, Prestole renders an intelligent, specialized 
engineering service. 

Prestole designs and produces special-type 
fasteners in an endless variety of formed metal 
parts. Thousands of assembly problems have 
been solved by this aggressive, experienced 
organization of fastening engineers. 


Creators of the famous Prestole 
impression that lasts"—th« 


geometrical shape, 
So, if your assembly problem calls for thread- 
engaging fasteners or special forms made of 
various metals—why not let Prestole solve it? 


| DRESTOLE (льна, 


T1311 MIAMI STREET® TOLEDO 5, OHIO 
PRESTOLE OF CANADA, OAKVILLE, ONTARIO 


with full 360° grip on the screw. 


TELL US MORE ABOUT PRESTOLE DESIGN-ENGINEER- 
ING SERVICE FOR SPECIAL/STANDARD FASTENERS. 


We Manufacture: 


—————————— 


Lone 


Have Your Own 


copies of 


PRODUCT 
ENGINEERING 


mailed right to you 
at home or office 


The cost is low... 
the value and con- 


venience great. Just 
fill out the 


coupon below. 


Product Engineering 


One year at $5.00 
| Two years at $8.00 
Three years at $10.00 
Check Enclosed Bill Me 


Nome 

Title 

Compony 
Address 

City and Zone 


State 
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REDESIGN to save 
time and material with 


NATIONAL 


RETAINING RINGS 


ооо 


Type ZH 


Type XSC 
(internal) 


(square closed) 


Type XRO 


Type XS0 
(round open) 


(square open) 


Examine the designs of all of your prod- 
ucts and machines. No doubt you can use 
retaining rings on axles and in housings— 
not only to save assembly time, but to save 


weight, parts and space. 


Many manufacturers have not only in- 
creased their profits but have also im- 


proved their products by using these high- 


n 


Type XRC 
(round closed) 


grade rings, fabricated in various metals. 


Their uses are varied—ranging from 
heavy-duty engines and drill presses to 
toys, gadgets and small parts of articles 


made of metal, wood or plaster. 


Don't pass up opportunities to increase 
your profits; let our engineers consult 


with you, 


THE NATIONAL LOCK WASHER COMPANY 


WISCONSIN 


NEWARK 5, NEW JERSEY 
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OHIO WELD 


OHIO offers . . 
day crders received . . 


technical engineering assistence on request . . . 


. over 400 stock parts... 
. recommended weld set-ups and 


FASTENERS 


shipment same 


indestruc- 


tible welds guaranteed on every part because of special 


design and materials used. 


FOR APPLICATION 
BY PROJECTION WELDING 


WS NUT For applications on 
rugged assemblies where it 
is necessary to anchor nut se 
curely in blind location 


GW SCREWS Used where 
design requires a smooth un- 
marred surface and a fasten 
er permanently fixed in place 


WF NUT Used where the nut 
serves a mounting purpose 
or greater thread engage- 
ment is required than is nor 
mally provided by other type 


weld nuts 
Mac a 


WW NUT Used where a 
hermetic seal is required t 
prevent leakage of air, gas 
water or dust on blind loca 
tions. 


RN NUT OHIO'S newest weid 
nut with pilot and dual-line 
projections. Ideal in applica 
tions where tension is against 
the weld 


PN NUT Used where a pilot 
for easy locating, a strong 
weld and space limitations 
are important factors. Ideal 
for use in confined corners 
flanges and narrow channels 


HW SCREWS Used where a 
self-locating through bolt is 
required to be fixed securely 
in place so that it will not 
turn and a flush surface is re 
quired for attaching mating 
parts 


RH NUTS Used where it is 
lesirable to have the body 
И the nut go through the 
sheet or where extra long 
thread engagement is needed 


FOR APPLICATION BY SPOT WELDING 


SN NUT Used where assem 
blies are being spotwelded 
ogether and a piloted nut is 
required, 


«o › 


ND NUT Used where a large 
nut is needed for bridging or 
joining two sheets or for 
extra strength 


Samples and information available upon request 


THE OHIO NUT AND BOLT COMPANY 


Specialists in the Manufacture of Weld Fasteners and Adjusting Screws 


41 FIRST AVENUE 


BEREA, OHIO 


here's what DIE CAST ә? 
GRC ZINC ALLOY 
THREADED 

9 ®... 


WING NUT$ 


mean to you... 


terms of a better proauct 
ns of a more economical 
t! 
unique techniques make 
ible closer tolerances, cleaner 
threads, greater dependability, dur 
ability, die-cast uniformity. Mass 
production means lower costs! 


NEW BULLET.N 
AVAILABLE! 
Wy 

Fact-packed — shows 
how Gries ingenuity $5 


and money - saving THUMB NUTS 


methods can solve your 


fastening problems 
THUMB SCREWS 


Send today for your copy, prices and samples 


GRIES REPRODUCER CORP. 


World's Foremost Producer of Small Die Castings 


26 Second St., New Rochelle, N. Y Phone: NEw Rochelle 3-8600 


LOW-COST LOCK NUTS 


for high-speed, vibration proof 
fastening of light assemblies 


PALNUT Lock Nuts cost less than plain 
nuts—lock as they tighten—elimi- 
nate lockwashers—speed up assem- 
bly—save space and weight. Also 
types that eliminate flat washers, 
threading, notching and cotter pins. 
Check all your nut-and-screw assem- 
blies against the savings and security 
of PALNUT Lock Nuts. Send details 
of your application for free samples 
and further information. Catalog on 
request 


The PALNUT Company 


65A Glen Road, Mountainside, N.J. 


Product Design Digest Issue 





Catalogs and Bulletins continued 


S-33) BRAZING PREFORMS—Catalog 

12 pp, describes silver alloy preforms 
for brazing applications. Available 
alloys, forms and shapes, wire sizes 
ordering helps are included. Lucas 
Milhaupt Engineering Co, 5051 S 
Lake Drive, Cudahy, Wis 


(S-34) HOSE COUPLINGS Catalog 
100, 31 pp, describes hose assemblies 
and fittings for low, medium and high 
pressure and suction Anchor ( oupling 
Co., Inc., E. Church & 4th St., Liberty 
ville, Ill 


S-35) HYDRAULIC HOSE AND Fri 
riINGS—Catalog, 16 рр, describes hose 
assemblies, couplings, fittings, valves 
Heda-Turner Mfg. Co., Inc., 311 Page 
Blvd., Springfield 4, Mass 


96) HYDRAULIC TUBE FITTIN( 
Catalog 4301, 20 pp, provides d 
mensional information on 
thread fittings with O-ring sealing 
Parker Appliance Co., 17 Euclid 
Ave., Cleveland 12, Ohk 


(5-5 LUBRICATION FITTINGS 
Data sheets 22-219-A, | рр describe 
fittings for hydraulic and lubricating 
systems. Alemite Div., Stewart-Warner 
Corp., 1826 Diversey Pkwy., Chicag 
14, Ill 


S-38) TEMPLATE FOR MINIATURI 
SELF-LOCKING NuTS—This templ 
covers all configurations, all sizes of 
anchor nuts, including the standard | 
nuts and gang channel. Kaynar C 
280 E. 16 St., Los Angeles, Calif 


(S-39) PVC PIPE AND FITTINGS 

Folders, 4 pp each, describes mechani 
cal, thermal, electrical and other desir 
able properties of two plastic com 
pounds. Alpha Plastics, Inc 1 
Northfield Road, West Orange, N. ] 


(S-40) GRAPHITE PIPE, FITTINGS 
Catalog, 12 PP, covers Operating a id 
dimensional specifications of dia 
phragm and custom-designed valves 
Also contains a section entitled “Meth 
ods of Connection.” Falls Industries 
31829 Aurora Rd., Solon, Ohio 


(S-41) PVC PiPE FITTINGS AND 
FLANGES—Booklet, 12 pp, discusses 
industrial applications of PVC piping 
and gives complete specifications for 
threaded and socket types. Tube Turns 
Plastics, Inc, 2929 Magazine St 


Louisville 11, Ky 


Excellent hole filling characteristics of Cherry 


“700” rivet 


are shown in cross section photo 


above. Test piece also demonstrates that various 


material thicknesses can be riveted successfully 


with rivets of identical length. Lower illustration 
shows high clinch attained with ''700"' rivet 


Versatile Cherry 
‘“7 OO” Rivet Provides New 
Uniform Fastening Method 


The hole filling qualities, wide 
grip range, high clinch, and posi- 
tive stem retention now possible 
with the new Cherry “‘700”’ rivet 
give the aircraft industry a uni 
formity of fastening never before 
available. 

In the past, variations in hole 
diameter made it virtually impos- 
sible to completely fill the hole in 
every instance. This difficulty is 
eliminated with the “700” rivet 
which always adjusts to fill the 
hole and provides high stem re 
tention. 

The method of setting the 
“700” rivet also provides high 
clinch and makes it possible to 
use one length to fasten a wider 
range of material thicknesses. 
Positive inspection is easy since a 
properly set rivet is indicated by 
the amount of stem shoulder pro- 
truding above the rivet head. 

The “700” rivet is available in 


countersunk and universal аа 
stvles in a wide range of diameters 
and lengths. It is installed with 
standard Cherry rivet guns with 
controlled-stroke pulling heads 
and accessories. 

A product of the Cherry Re 
search and Development Depart 
ment, the “700” rivet has back 
of it years of fastening experience 
in the aircraft industry. 'This or 
ganization has developed the wid 
est range of types and sizes avail 
able in the industry. Cherry 
engineers have designed and built 
special purpose machines and de 
veloped techniques that make 
possible such innovations as the 
*"100" rivet. 

For technical data on how the 
Cherry ‘*700”’ rivet will give you a 
more uniform method of fasten 
ing, write to Townsend Company, 
Cherry Rivet Division, P. O. Box 
2157-R, Santa Ana, California. 


CHERRY RIVET DIVISION 


SANTA ANA, CALIFORNIA 


Townsend Company 


ESTABLISHED 1816 * NEW BRIGHTON, PA. 


In Canada: Pormenter & Bulloch Manufacturing Company, lid , Gananoque 





Milford Rivets 


Made of every metal 

that can be cold-formed 
..in a wide variety of 

finishes and platings. 


TUBULAR * SPLIT 
CUTLERY e SPECIAL 


THREE 
FASTENER "MUSTS" 


LOW COST * DESIGN FLEXIBILITY 
AUTOMATIC ASSEMBLY 


You get all three...and more... 
from Milford's five 
manufacturing plants. 


Milford 

Rivet-Setting Macbines 
Bench or floor models, 
full or semi-automatic. 
Can be adapted to solve 
nearly every fastening 


and assembly problem. 


WRITE FOR MORE 
DETAILED INFORMATION 


MILFORD 


MILFORD RIVET 
& MACHINE СО. 


MILFORD, CONNECTICUT e HATBORO, PENNSYLVANIA 
ELYRIA, OHIO e AURORA, ILLINOIS e NORWALK, CALIF. 


„нї 


McGRAW 


whatever 
your 
publication needs... 


Equipment Manuals — Product Cata- 
logs - Handbooks — Training Aids - 
Industrial Relations Literature — Pro- 
cedural Guides — Engineering 
Presentations — — — and any type of 
technical literature 


use our specialists in 


WRITING ... EDITING 
ILLUSTRATING ... PRINTING 


McGRAW-HILL 


Technical Writing Service 
330 West 42nd St., N.Y.C. 36 
LOngacre 4-3000 
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AUTOMOBILES / 
TIGHT ! ELECTRICAL APPLIANCES 


' 
Fast-handling Everlock Sems with com- EQUIPMENT TIGHT! TIGHT! 


bination internal-external lock washers Everlock external and internal lock This motor will never loosen thanks to 
proved the perfect answer for this intake washers enable this temperature control Everlock internal lock washer's 2-way bite 
air filter fastening one of many to laugh at vibration. Any product that Vibration actually makes these amaz ng 
automotive applications must be tight to be right needs Everlock. fasteners grip tighter 


2-way bite 


locks assemblies 


Nothing else holds like an Everlock lock fastener 
h angled tooth has two chisel edg 
into the work the other into the 
we pr t. The 
bites in, t 
ible hold. Vibration, constant jarring 
‚ actually tighten Everlock’s bulldog bite 
lock Washers W For the best in fast-handling Sems, lock was 


nuts and terminals, your specs should say Ev 


Fast delivery on all sizes, types and finishes 


THOMPSON-BREMER & CO. 


Dept. ti, 520 NM. Dearborn Street * Chicago 10, Illinois 


INDUSTRIAL FASTENERS Subsidiary of AMERICAN MACHINE & FOUNDRY COMPANY 


Everlock Terminals 


EVERLOCK J. Ramsey Reese, In sam T. Keller R. H. Clague b J. J. Mcintosh 
New York. N.Y Detroit, Michigan Milwaukee, Wis 1 ; 1 Atlanta, Georgia 


REPRESENTATIVES WOrth 2-4059 TRinity 5-7800 Division 4-0287 D : 9 CRescent 2971 


Kenneth D. Delanoy J. M. Murphy W. L. Barth, Jr Thom Lundeen Richard C. Dudek Donald G. Teeling 
Dayton, Oh Manchester, Cor Chicago, Illinois Moline, Illinois Beverly Hills, Ca indianapol Indiana 
OXmor 0021 Mitche 1 KIldare 5-7973 MOline 2-4418 BRadshaw 2-8097 jLendale 957 


Scott & Steffen & ( f R > Bro C. W. McNeil Forrest Moschner sam T. Gleaves Oregon Indust. Factors 


Cleveland. Ohio ph Р Houston, Texas St. Louis, Mo Louisville, Kentucky Portland, Oregon 
TOwer 1-2626 \һои$е 6-67 CApital 8-8511 Mission 7-1022 GLendale 8-2831 CHerry 4040 
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YOU DON'T HAVE TO LOOK 
FAR TO DISCOVER 
P WHO” 


И — ' . EN IS TOPS IN 
REDUCES assembly time 8575. Nicrobroz ELIMINATES material waste and rejects. 
rings are simply slipped over tube ends. Rings produce perfect joints every time. \ THE PRECISION 


SCREW MACHINE 


Speed Stainless Tube Assembly г М" 
with Prefabricated Brazing Rings. 


CAP SCREWS 
Nicrobraz, the stainless steel brazing alloy, is now available 


COUPLING BOLTS 


as prefabricated brazing rings. They’ll speed the fabrication SET SCREWS 
and increase the quality of all stainless steel tubular assem- — m 
blies. Ring sizes and alloy grades to suit your needs. Write T е 


ж 
Wt Qul. CO: YORK, PA. 


for complete information today. 


STAINLESS PROCESSING DIVISION 
WALL COLMONOY CORPORATION 


19345 John R Street * Detroit 3, Michigan 


PENNSYLVANIA: Bristol Pike, Morrisville, Pa., CALIFORNIA: 1565 Bluff Road, Montebello, Cal | 


FOR FAST HELP 


17 к 1 1 T S ON DESIGN PROBLEMS 


... consult the 
‘NUTS SCREWS f 
TAN ASHERS PRODUCT INDEX 


TAINLESS STEEL B of this 


"I = — чү 


| NAVAL BRONZE STEEL BRASS | 
ТИЕК] DESIGN DIGEST 

AA m ISSUE 

) KEYSTONE N BOLT а я АЫ: NUT 


(Begins on page 12) 
17 à KEYSTONE Y ST. мм АЫ UE: 7. N. Y. 
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Several things make this nut unusual. 

For instance, you can "stop" it at any position 
on the threaded length of the bolt . . . or 
wrench it tight against the work where it 
protects bolt threads against corrosion and 
prevents liquid leakage. No matter where you 
leave it on the bolt, it will remain tight in 
that exact position, even though you subject it 
to heavy vibration and shock loads. But 

use a wrench on it and it comes off as easily 
as it went on. The red locking collar is 
nondestructive— does not gall bolt threads 

or remove plating. You can remove it and 
re-use it again and again. 


What gives it its grip? 


1 The locking collar is 
unthreaded and elastic. 

It has an inside diameter 
smaller than the major 
diameter of standard bolts. 


N 
ا‎ 
К 


| 


2 The bolt impresses a 
mating thread into the 
collar and the resulting 
compressive forces exert 
a constant friction grip 
on the bolt. ... 


+> | 
| 
N 
ام‎ 


| 


у 


| 


S 


i 


| 


3 and exert a downward 
thrust bringing the 
lower flanks of the 

bolt thread into firm 
metal to metal contaci 
with the matching nut 
threads, eliminating 
normal axial play 


| 


NG 
Y 


| 


i 


| 


4 Nut is removable and 
reusable . . . the Red 
Elastic Collar retains 


= 
D 
, 
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its grip after repeated usage. 


Will it hold under ALL conditions? 


The locking principle of the Elastic Stop® nut has been tested 
and proved by over 25 years of actual field service. Elastic Stop 
nuts are used on locomotives . . . and pile drivers. They fasten 
hedge shears and harvesters, drilling rigs and washing machines, 
trucks and roller skates. And no Elastic Stop nut customer has 
ever stopped using them because of unsatisfactory performance. 


What about sizes and materials? 


Elastic Stop nuts are available from a watchmaker's 0-80 all the 
way to 4"—in materials that include stainless steel, brass, alumi- 
num and other alloys. Protect your product with "fastener in- 
surance." Try Elastic Stop nuts on trouble spots, whether to 
protect expensive heavy equipment from costly downtime or to 
guarantee the accuracy of delicate electrical equipment by main- 
taining precision adjustments. We'll supply free test samples. 


ELASTIC STOP NUT 
CORPORATION OF AMERICA 


Dept. N82-102, 2330 Vauxhall Road, Union, N. J. 


> " 
ease 16 è 


ELASTIC STOP nut bulletin Here is a drawing of our product. 


What self-locking fastener would 
you suggest? 


Name Title 
Firm 
Street 


City 





OW ARE YOUR COMMUNICATIONS ? 


Do the booklets, pamphlets, and manuals you use really work for you? 
Are these vital publications, that tell the story of your products and your 
company, as effective, readable, well designed and illustrated as they can 
be? Today more than ever, your entire operation is judged by each annual 
report, employee manual, and public relations piece that you produce. 
Have you examined your communications lately? If you have any doubt 
as to the impact of your instructional and promotional literature, 
remember . 


COMMUNICATION IS OUR BUSINESS 


For a good many decades McGraw-Hill has stood for complete coverage 
in the business literature field. Now the McGraw-Hill TECHNICAL WRITING 
SERVICE offers a new approach to your publication problems — an inte- 
grated writing, editing, illustrating, and printing service for the custom 
production of: INSTRUCTION MANUALS, PRODUCT BULLETINS, TRAINING AIDS, 
INDUSTRIAL RELATIONS LITERATURE, ANNUAL REPORTS, COMPANY HISTORIES, 
PROCEDURAL GUIDES and other collateral literature. More than 150 editorial 
and graphic experts are at your disposal, ready to prepare high-quality 
material to your own or gove rnment 5р‹ cifications. Save time, save money 

. and make your communications work! Let our staff be your staff for 
technical and business publications. 


McGraw-Hill Book Co. TECHNICAL WRITING SERVICE 


Write or phone Technical Writing Service, McGraw-Hill Book Co., Inc. 
830 West 42nd Street, New York 36, N. Y. ө LOngacre 4-3000 


This service is available through ad agencies. 
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6 Reasons why Waldes Truarc is your one 
dependable source for retaining rings 


internal 


Series 5002 
beveled internal 


Series 5555 
grip ring 


Series 5400 A 
special purpose 


Series 5100 
external 


Series 5102 
beveled external 


Series 5107 
interlocking 


Series 5104 
special purpose 


Series 5008 


inverted internal 


Series 5103 
crescent 


Series 5005 


self-locking internal 


Series 5500-31 
special purpose 


Series 5108 


inverted external 


Series 5131 
bowed E-ring 


Series 5105 
self-locking external 


Series 5500-96 
special purpose 


Series 5001 
bowed internal 


Series 5133 
E-ring 


Series 5300 


triangular nut 


Series 5504 
special purpose 


Series 5101 
bowed external 


Series 5139 
locking prong 


Series 5305 
triangular self-locking 


Series 5505 
special purpose 


WHATEVER YOU MAKE, THERE’S A WALDES TRUARC RING 
DESIGNED TO SAVE YOU MATERIAL, MACHINING AND LABOR COSTS 


COMPLETE SELECTION—All your retaining ring requirements 
can be obtained from this one dependable source. Waldes 
Truarc rings are available in 36 functionally different types... 
as many as 97 standard sizes within a ring type... 5 metal 
specifications and 14 different finishes. 


MANUFACTURING EXPERIENCE—Waldes Truarc pioneered 
precision retaining rings. Truarc Rings have been standardized 
by leading U. S. industr'es and Government agencies. Waldes 
Kohinoor, Inc. has over 50-years experience in inventing, de- 
veloping, and manufacturing precision fasteners. 


QUALITY CONTROL—Every step in the manufacture of Waldes 
Truarc rings—from engineering and raw materials through to 
the finished product—is carefully controlled and tested in our 
own modern plant. Truarc standards are the highest in the 
industry—your guarantee of consistent, uniform quality. 


DESIGN SERVICE—For help in designing new products or in 
refining present designs, send your blueprints to Waldes Truarc 
engineers. Whether your product requires standard or custom- 
designed rings, these experts are ready to help you. They will 
also design special assembly jigs and fixtures—or even help 
you set up an automation assembly operation. 


FIELD ENGINEERING SERVICE—More than 30 engineering- 
minded factory representatives and 700 field men are avail- 
able to you on call! This engineering service can prove invalu- 
able in helping you to solve design, assembly and production 
problems. 


DISTRIBUTION—Truarc rings are available from leading OEM 
Distributors in 90 stocking points throughout the United States 
and Canada. 


® 
li . RETAINING RINGS 


WALDES KOHINOOR, INC. 
LONG ISLAND CITY 1, NEW YORK 


WALDES TRUARC Retaining Rings, Grooving Tools, Pliers, Applicators and Dispensers are protected by one or more of the following 
U. S. Patents: 2,382,948; 2,411,426; 2,411,761; 2,416,852; 2,420,921; 2,428,341; 2,439,785; 2,441,846; 2,455,165; 2,483,379; 


2,483,380; 2,483,383, 2,487,802; 2,487,803; 2,491,306; 2,491,310; 2,509,081; 2,544,631; 2,946,6 


„616; 2,547,263; 2,558,704; 


2,574,034; 2,577,319; 2,535,787, and other U. $. Patents pending. Equal patent protection established in foreign countries. 
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MOND ILAIND 
WELDING NUTS FOR FAST HELP 


on 


... Make Tough Jobs Easy! DESICN PROBLEMS 


. . . consult the 


PRODUCT INDEX 


of this 


DESIGN DIGEST 
ISSUE 


(Begins on Page 12) 


Every product adver- 
tised in this issue is in- 
dexed there for ready 
reference. 


Among them may be 
exactly what you need 
right now. 


If you've got a product involving metal fabricating, The advertisements for 


fastening or assembling, chances are you can use Mid- all these products will 
land Welding Nuts to big advantage. : 
give you many useful 


They come in all sizes for every-sized job. Welded 

я " 

to the part or parts concerned, they don't have to be ideas ... and more infor- 
held while bolts are turned into them. Thus one man 


mation is quickly avail- 


can often do the work of two. 
And they're indispensable when it comes to those able from each adver- 
‘ked away, hard-to-get-at places. Welded in advance ; 

tucked away, hard-to-get it f l aces YW elded in id inc tiser. 

to those inside spots where it is difficult—or impossible— 


for hands or tools to reach, Midland Welding Nuts hold 
fast while bolts are turned into them. To get any additional 


If you're a designer, you'll want to know about these facts you want, use the 
time and labor-savers, too. Midland Welding Nuts will 1 
handy post cards in front 


solve and simplify many of your problems, too. 


Write or phone for complete information! of this issue, or the cou- 


The MIDLAND STEEL PRODUCTS COMPANY pons you'll find at the 


6660 Mt. Elliott Avenue ° Detroit 11, Michigan end of each DESIGN 
Export Department: 38 Pear! St, New York, N. Y. a 
DIGEST ISSUE Section. 


Manufacturers of 
Automobile and Truck Frames . Air and Vacuum Power Brakes 


Air and Electro-Pneumatic Door Controls 
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USE TIME-SAVING 
COUPONS BELOW 


. . . fo request further information on 


all products advertised in this Digest Section 


. .. fo request your copies of product catalogs 


and bulletins listed and described in this section 


( you will find similar coupons at the end of each Digest Section ) 


Consult the Product Index begin- 
ning on page 12, when you want 
all available information on a 
particular type of product; this 
Product Index is your guide to all 
advertisements in this Design Di- 
gest Issue by manuíacturers of 
this type of product. 


Circle these numbers for further information about 
advertisers appearing in this section 


G24-5 G26-7 G28-9 G30-1 G32-3 G34 G35 G36 G37 


GL38 GR38 G39 G40 G41 G42-3 G44 G45 G46-7 

G48 G49 G50 G51 GL52 GR52 G53 G54 G55 

G56 С57 G58 G59 GL60 GTR60 GBR60 G61 G62 
GTR64 GTL64 GBL64 G65 G67 G68 


Circle these numbers for your copy of bulletins 
listed in this section 


$1 $2 53 54 55 


СОМРАМҮ 
BUSINESS ADDRESS 


CITY, STATE 


If you have specific questions to ask about any 
product advertised, a letter direct to the manu- 
facturer, at the address given in his advertise- 
ment, will be welcome. For clarity and prompt 
service, include reference to PRODUCT ENGI- 
NEERING's Product Design Digest Issue, and 
page number of the advertisement prompting 
your letter. 


Circle these numbers for further information about 
advertisers appearing in this section 


G24-5 G26-7 G28-9 G30-1 G32-3 G34 G35 G36 G37 
GL38 GR38 G39 G40 G41 G42-3 G44 G45 G46-7 
G48 G49 G50 G51 GL52 GR52 G53 G54 G55 
G56 G57 G58 G59 GL60 GTR60 GBR60 G61 G62 


G63 GTR64 GTL64 GBL64 G65 G67 G68 


Circle these numbers for your copy of bulletins 
listed in this section 


S1 52 53 54 55 
511 S14 
522 
529 532 
$38 


COMPANY 
BUSINESS ADDRESS 


CITY, STATE 





NEW BOOKS 


Motors, Engines and Controls 


Turboblowers by A. J. Stepanoff, 
Ph.D., Melville Medalist, ASME, 
Ingersoll-Rand Co. 944 x 61% in., 
377 pp. Published by John Wiley 
& Sons, Inc., 440 Fourth Ave., New 
York 16, N. Y. $8. 


Deals with the hydrodynamic and 
thermodynamic aspects of turboblower 
design. It outlines new methods of at- 
tack on turbomachine problems, and 
discusses the art of building turbocom- 
pressors in the United States and 
abroad. 

The theoretical treatment of the 
compressor impeller based on a single 
pattern of flow is extended to similar 
design procedure for both centrifugal 
and axial flow impellers. In contrast to 
the indirect thermodynamic basis com- 
monly adopted in the past, the hydro- 
dynamic nature of pressure generation 
is stressed. A large chapter is devoted 
to water cooling; here a design method 
is offered with detailed numerical ex- 
amples and complete energy balance. 

The author presents his own method 
of axial-flow compressor design based 
on actual fluid deflection and observed 
pressure and capacity coefficients, 
rather than lift and drag coefficients, 
which are a part of airfoil theory. The 
latter is discussed sufficiently to dem- 
onstrate its weaknesses and limitations. 
Also shown are ways by which the per- 
formance of fans can be improved 
with little increase in cost. 


Industrial Automatic Controls b; 
Millard H. LaJoy, Assoc. Prof. of 
Mechanical Engineering, Univ. of 
Minn. 8V5 x 534 in., 278 pp. Pub- 
lished by Prentice-Hall, Inc., 70 
Fifth Ave., New York 11, N. Y. 
$6.65. 


This book is a fundamental text in 
automatic control systems. It accom- 
plishes its objective in admirable fash- 
ion. Throughout the book the various 
phases of automatic control are pre- 
sented in a lucid manner with a mini- 
mum of simple differential equations 
describing dynamic response of vari- 
ous types of control. 

Chapter 1 presents elementary ex- 


G70 


amples of the transition from manual 
to automatic control in terms of closed- 
loop systems. Four basic modes of 
automatic control — on-off, propor- 
tional, integral (floating), and deriva- 
tive (rate) are discussed in Chapters 
2, 3, 4 and 5. Control effects are given 
a thorough analysis, and controller out- 
put characteristics for various input 
disturbances are shown graphically. 
Chapter 6 is devoted to automatic 
control systems containing more than 
one dynamic effect. The circuitry of 
pneumatic, hydraulic, and electronic 
controls is described in Chapters 7, 
8 and 9, and a group of representative 
applications is described in Chapter 10. 
The final two chapters are concerned 
with theoretical evaluation of control 
processes and means of determining 
stability by study of roots of equations 
describing dynamic characteristics of 
the systems. 


Theory of Alternating-Current Ma- 
chinery by Alexander S. Langsdorf, 
Dean Emeritus, Scbools of Engi- 
neering and Architecture and Pro- 
fessor Emeritus of Electrical Engi- 
neering, Washington Univ. 2nd 
edition, 914 x 614 in., 666 pp. Pub- 
lished by McGraw-Hill Book Co., 
Inc., 330 W. 42 St., New York 36, 
N. Y. $8.50. 


The revised text covers the basic 
theory underlying the design and op- 
erating characteristics of all types of 
electromagnetic machines 
power applications. 

Important formulas are consistently 
presented in terms of the rationalized 
mks system of units, and the terms 
“phasor” and “phasor diagram” are 
used in accordance with ASA recom- 
mendations. 

New materials also include an anal- 
ysis of harmonics in  T-connected 
transformers, a topic not elsewhere 
presented; and new derivations of 
formulas for the calculation of leakage 
reactance and other important param- 
eters of all forms of rotating machines. 
The concluding chapter on mercury- 
arc rectifiers and inverters is new and 
an important feature is the derivation 


used in 


of a simple formula, not given in other 
American texts, which summarizes the 
separate and combined effects of over 
lay and phase control upon the voltage 
regulation of the device 


Fifth Symposium (International) 
On Combustion. The Standing 
Committee on Combustion Sym- 
posia of the Combustion Institute. 
7 x 10 in., 802 pp. Published by 
Reinbold Publishing Corp., 430 
Park Ave., New York 22, N. Y. 
$15. 


Book includes the 
contributors from 
including England, Canada, 
Australia, Belgium, Japan and Ger- 
many. Representing the most com- 
plete and authoritative collection of 
data ever assembled on 
problems, their papers cover the fol 
lowing areas: Review of Problems on 
Combustion in Engines and Kinetics 
of Combustion Processes; Combustion 
of Fuel Droplets; Propellant Burning; 
Combustion of Solids; Diffusion 
Flames and Carbon Formation; Com 
bustion in Engines; 
niques; Kinetics of Combustion Reac- 
tions; Flame Spectra and Dissociation 
Energies. 


182 


countries, 


works of 
various 
France, 


combustion 


Tech 


Spec ial 


Automatic Control Bibliography 5; 
Warren F. Wade, Massachusetts In- 
stitute of Technology and Emory 
N. Kemler, Professor of Mechanical 
Engineering, University of Minne- 
ѕоѓа. 615 х 8! in., 331 pp. Pub- 
lished by Summary Reports, P. O. 
Box 176, Spring Park, Minn. $15. 


This book has done a commendable 
job of summarizing the important 
American and English works on con- 
trol written since 1900. Short abstracts 
appended to the listings do not evalu- 
ate the articles, but convey the content 
where the article title fails to do so 

This bibliography of 1,623 articles 
is arranged alphabetically by authors 
and by magazines for those articles 
where no author was shown on the 
original manuscript 
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Motors, Engines 


and Controls 


Comparison of Internal Combustion Engines 

Supercharging of Internal Combustion Engines 

NEMA Standards for D-C Motors and Generators by J, F. Davis 
Types and Uses of D-C Motors and Controllers 
Electro-Mechanical Control Systems by Sidney Davis 


Applications of Differential Winch to Control Systems by Alexander B. Hulse, Jr 
and Robert Aymar . 


SECTION н 


бепега! 
Engineering 


Metals and 
Alloys 


Nonmetallic 
Materials and 
Finishes 


Fabrication 
and Production 
Processes 


Power 
Transmission 


Mechanical 
Parts and Design 
Analysis 


Fastening 
and Joining 


Motors, Engines 
and Controls 


Electrical 
and Electronic 
Components 


Hydraulic 
and Pneumatic 
Equipment 





FUEL FUEL 


Liquid Petroleum 


Boiling point 44 to 
Gas 


Wt per gal 4.24 to 4.86 Ib 
BTU per Ib 21,600 


BTU per gal 91,300 to 103,000 


| Octane rating 100 4 


Gasoline 
Wt per gal 6.1 Ib 
BTU per ib 20,500 
BTU per gal 125,000 
Octane rating 86 


Boiling point 300 to 650 F 


Wt per gal 6.95 Ib 
BTU per Ib 19,500 
BTU per gal 135,000 
Centane rating—40 


From: Minneapolis Moline Report. 


PROPERTIES 


+31 


Boiling point 100 to 400 F 


-Comparison of Fuel and Engine Types 


FUEL DESCRIPTION 


F | LP gas fuel is wet gas obtained at 
natural gasoline and recycling plants 
where it is liquefied by pressure 
The pressurized equipment needed 
for shipping and handling are a big 
factor in price. A favorable differen- 
tial in price and high anti-knock 
performance makes it the most eco- 
nomical power in many arcas. 


A medium weight fuel with proper- 


use in engines that cost less to buy 
and service. It is widely available 
and most flexible fuel but is highest 
in price per gallon. 





Heavy weight fuel requiring a high 
| centane rating to qualify as diesel. 
| Low in cost but requires special 

engine design, differing fuel system, 
air supply and ignition 


ties that make it easy to handle and | 


ADVANTAGES 


Clean, dry burning рге 


| vents carbon deposit and 


oil contamination. High 
octane for high compres 
sion power gives smooth 
anti-knock performance 
for long life with little ser- 
vice. Good part-load per- 
formance. 


Lowest first cost of engine 
Easy service. Moderate 


| cost per hp-hr of work. 


Heavy compression effici 
ency. Best part-load econ- 
omy. Lowest fuel cost for 
hp-hr of work. Substantial 
annual operating time can 


| produce savings to offset 


higher first cost of engine 


| storage 
| Some 
| started in low temperatures 


LIMITATIONS 


Extra cost of LP gas fuel 
equipment. Light weight 
per gal results in less hp-hr 
of work per gallon. Special 
facilities required. 
designs not readily 


Fairly high cost per hp-hr 


of work. Periodical service 


required 


Highest engine cost. Fuel 
system requires specialists 
care. Idling causes injector 
fouling. Requires clean fuel. 
Needs special starting de- 
vices in extreme low temp- 
eratures. More oil changes 


Comparison of Internal 


ombustion Engines 


SOME ADVANTAGES and limitations of 
gasoline, diesel, and liquid petroleum 
gas are listed in Table I. Each of these 
fuels requires a different engine design 
or an engine modification, hence fuels 
as well as the engines must be com- 
pared. Some types of equipment may 
be designed to run on natural gas or 
other fuel as well. 

The type of engine selected for any 
particular service is entirely a matter 
of economics. If, for example, for a 
certain class of service, the diesel en- 
gine will give the desired general per- 
formance, will show a lower operation 
cost over the period of its useful life 
and fuel is readily available, the diesel 
should be given consideration. In any 
operation where the diesel cannot stand 
on its Own economically there cannot 
be justification for its use 

The for each of the 
engines. The problem in selection oc- 


above is true 
curs when one or more of the engines 
and fuels give near identical results 

Other factors that require considera- 
tion are: initial cost, horsepower rating 
and speed, fuel cost, special carburetion 
equipment, safety and overall mainte- 
nance of the engine assembly. 


H2 


Carburetion Equipment 


The diesel engine does not use a 
carburetion system, thus reducing the 
major maintenance costs and difficulty 
found in other internal combustion 
engines. However, it does require a 
fuel injection system which consists of 
very close fitting parts that must be 
carefully protected from water and dirt. 
Elaborate fuel filters are required and a 
specialist is usually needed to maintain 
the system. 

Carburetion of a gasoline engine is 
fairly simple and cost and maintenance 
may be kept to a minimum by simple 
adjustments. Proper fuel to air mixture, 
spark timing, and filtration will give a 
high mile per gallon rate, good power 
and acceleration with a minimum of 
maintenance problems. 

The LP gas engine has an entirely 
different carburetion system which in- 
cludes two stages of pressure regula 
tion, a vaporizer, a filter, and a carbure- 
tor. Fig. 1 shows the flow diagram and 
equipment generally required. 

Referring to Fig. 1, liquid petroleum 
gas passes from a supply container 
through a filter which catches and re- 


required, 


tains in its settling bowl any solid par- 
ticles and foreign matter. From the 
filter, the liquid flows to the regulating 
unit which contains the high pressure 
regulator and vaporizer in one unit. 
The liquid enters at tank pressure 
( 20-175 Ib), is dropped to 4-10 Ib, and 
is vaporized. The vaporized fuel flows 
into the low pressure regulator where 
pressure is dropped slightly below 
atmospheric before admission to the 
carburetor to be mixed with air. 

LPG burns as a dry fuel and leaves 
no residue or carbon as in gasoline and 
diesel units. It is admitted to the com- 
bustion chamber of the engine as a gas 
and air mixture. There are no liquid 
ends to dilute the lubricating oil and 
to promote cylinder wear by washing 
them clean. The absence of antiknock 
compounds, carbon residues, and other 
petroleum impurities reduces the wear 
and contamination caused to piston, 
valves, and piston rings as in other 
internal combustion engines 

Present experience with liquid petro- 
25 to 


leum gas engines indicate that a 
50 per cent reduction in maintenance 
costs may be expected over gasoline 
and diesel units 


Other Equipment 


An internal combustion engine con- 
version to LPG is recommended only if 
the transmission, clutch, bearings, and 
other parts sufficient reserve 
strength built into them to take the 
increased power of the unit. If parts 
are not designed for the additional 
power or do not have a reserve strength 
factor, failures may occur that 


have 


will 
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Table II—Comparison 


The 
test and are corrected to standard conditions of meter 
and 60 F air temperature. A deduction of 3 per 1000 
feet of altitude above sea level, and | per cent for each ten degree 
rise above 60 F 


above deductions, the applied load should not exceed the remaining 


btained on a 


29.22 in 


maximum horsepowers shown were dynamometer 


bar 


cent for each 
should be allowed in all cases. In addition to the 


power by 80 per cent for continuous load duty and 90 per cent for 
intermittent load duty. For standby service, the permissible applied 
load may be as follows 
(a) Probable annual operation 200 hours or less, operation not to 
exceed 5 hours for any one period — 90 per cent of the power 


after deductions for altitude and temperature. 


Displace- 
ment 
cu. in. 


Number 
Pistons 


Maximum 
Torque 


Compression 


Ratio 


СА 


154 900 
LPG - 152 1000 


151 900 
Natural Gas - 150 @ 800 


150 800 
Regular Gasoline 5.1- 150 @ 950 


129 @ 1100 
% 950 
1200 

1200 

1100 

1100 


1000 
1000 


900 
1000 


950 
950 


1000 
1000 


@ 900 


Tractor Fuel 


LPG 


Natural Gas 


Gasoline 


Tractor Fuel 


LPG 


Natural Gas 


Gasoline 


800 
Tractor Fuel 800 


LPG 1000 


Natural Gas 800 


Gasoline 


Tractor Fuel % 800 
800 
800 
800 
800 
800 
800 


LPG 
Natural Gas 
Gasoline 


Tractor Fuel 1000 


1000 

LPG 
800 
700 
@ 1100 
) 1050 
à, 800 
) 800 
@ 800 
% 800 
@ 800 
› 800 
D 800 
900 


Natural Gas 
Regular Gasoline 
LPG 

Natural Gas 
Gasoline 


LPG 
Natural Gas 


RBURETED 
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of Power and Speeds 


temperature 


SPEEDS —The governors may be 
indicated: 


set to 
speeds 

к 

2. Сө 


luty and standby service in excess 


the left of the black line—24-hour continuous duty 


ine — other classes of 


Xf 5 hours for any 


umn to the right of the black 


intermittent 


duty and 


and 5 hours 


speed on the chart for 
of 200 hours or 
for any one period 


At any 


service less annual operation 


Maximum Brake Horsepower at Speeds Indicated 


800 1000 1100 1200 1300 1400 1500 


UNITS 


23 
23 
23 
23 
23 


3 


29 


19 
19 
34 
32 
31 
29 
33 
32 
28 
26 
54 
52 
50 
45 
50 
45 
41 
39 
50 
48 
48 
46 
48 
46 
42 
40 
74 


79 


69 
66 
71 
68 
56 
51 
102 
98 
95 
90 
94 
99 
146 
142 
140 
136 
134 
130 
183 
164 


ESEL UNI 


1100 
1100 
950 
950 
@ 900 
1 900 


D283 Diesel 


D425 Diesel 


0605 Diesel 
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30 
28 
46 
46 
68 
66 





5) Adjust the spark timing for best 


Hot water 
Shut off volve from engine 


Lew precmweréadtete performance of the engine 
Ow pr иге г u y ` 


LP gas has a high octane rating and 


can be used with a higher compression 


d filter Vaporized Inlet manifold ratio which will increase power and 
LPgos 


improve fuel economy. Also, it is ad 
mitted to the cylinder as a gas. Since a 
gas expands rapidly with the applica 
tion of heat, it is desirable to have 
intake manifold temperatures as low as 
possible. Thus, more pounds of gas can 
be drawn into the cylinders per hour to 
Vaporizer Corburetor increase power. LP gas engines, for best 
performance, have intake manifolds on 


High pressure 
regulator 


-— Pefurn fo wafer pump 
which heat transfer from the exhaust 


manifold is reduced to a minimum 


E Surone propone tiqua W Engine cooling water LP gas burns at a higher temperature 


C} Butoane propone vapor [] Gos oir mixture and slower. This condition requires 
spark plugs in the colder region to 


withstand the higher temperatures. The 


Fig. 1—Liquid petroleum gas carburetion system. When liquid petroleum slower burning characteristics of the 
gas vaporizes, it expands rapidly and causes a refrigerating effect that would fuel generally permit the spark timing 
freeze the mechanism if heat is not supplied. Hot water from the engine is to be advanced over gasoline. The end 
circulated around the reducing valve and supplies heat for vaporization. result is smoother and increased power 

Carburetion equipment must be able 


& to meter the fuel in the proper propor- 
Table 111—Comparison of Corrected Horsepower es 


tions automatically to meet the load de 


Speed LP Gas Б T deside | mands of the engine. To use a device 


rpm gal gal gal not engineered and calibrated can mean 


1300 - 9 56 : excessive fuel consumption, low power, 
1200 79 72 


1400 84 + nct n naintenan t 
o sts 
1206 112 increasing Maintenance Cos 


and premature failure to parts, thus 


Performance Factors 


2 and 3 indicate 


increase maintenance for secondary for maximum performance and maxi The curves of Figs. 
equipment, increasing overall cost mum savings the following engine the horsepower, torque, and fuel figures 
changes should be made tor the various engine configurations 

1) Increase the compression ratio using gasoline, tractor fuel, liquid pe 


—— —"" сано | 
Gasoline I үи поп 2) Install cold intake manifold troleum gas, diesel fuel and natural gas 
to L y 


3) Use cold spark plugs Table II indicates maximum horse 
A gasoline engine can be modified 1) Install the calibrated and rec power at various engine speeds 
to operate on liquid petroleum gas by ommended carburetion equipment for Recent tests indicate than an engine 


only a carburetion change, however, the engine being used designed for liquid petroleum gas will 


› 


Fig Performance curves for a 4! in. four cylinder engine. 


o 


Horsepower 
e 
a 


Horsepower 


à Р 
Reg goso — Diesel fuel 
Tractor fuel +--- in Not 008-—- 


Lb fuel per 
broke hp hr 
Lb fuel per 
broke hp hr 


900 1100 1300 1500 1,000 1,200 1400 
Engine speed, rpm Engine speed-rpm 
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Horsepower 


E 


have an average 6 per cent increase in 
power over gasoline units. Table Ill 
shows the power increase and per cent 
over gasoline units. However, if gaso 
line engine ratios are high and power 
output high the increase will be less 
In some instance, there is no increase 


Fuel Costs 


The major factor dictating the 
choice of any power unit is economic 
Fuel is the major part of the operating 
cost. Table IV shows the various com 
binations of LP gas and other types. Of 
importance is that liquid petroleum gas 
weighs less but has fewer heat units per 
gallon (BTU) than 70 octane gas 
line and No. 1 diesel fuel 

To make LP gas units competitive 
with other engines the initial fuel cost 
must be lower or the engine must usc 
fewer heat units to do the same amount 
of work. Table V compares the fuel 
consumption to produce 100 hors 
power per hour. The 7.9-1 ratio LP gas 
engine is designed for the fuel. The 
6.3-1 ratio engine has only Һай сат 
buretion equipment changed 

The values of Table V indicate tha 
an internal combustion engine burnin; 
liquid petroleum gas requires a rea 
fuel saving to be more economical 

Assuming average fuel costs of 
$0.10 for LP gas; $0.19 for gasoline 
and $0.14 for diesel fuel and a yearly 
consumption of 3,000 gallons, the fol 
lowing example will predict fuel costs 


1 
thar 


Research and experience indicate 
the same work will require 60 per cent 
as many gallons of diesel fuel than 
gasoline, but 112 per cent as many gal 
lons of liquid petroleum gas. These 


are average values. Therefore 


Fig. 3—Performance curves for 


поо 
Engine speed, rpm 
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Table IV—Comparison of Fuel Weights and Heat Unit per Gallon 
Wt. Ga 


LP Gas 
1004; Propane 91.500 
50-50 Mixture 97.000 
100% Butane 8 102 ,600 


0 Octane Gasoline 5.000 
No. 1 Diesel Fue 8 13.500 


Natural Gas 


Table V—Fuel to Produce 100 hp-hr at Various Throttle Positions 
í14 x 5 in. 4 Cylinder Engine 


Op. Max Rat 


350 


Gasclin 6.3-1 Ratio 
No. 1 Diesel Fuel 


Nat. Gas—7.9-1 Ratio C1 


*100 per cent Propane 


Gasoline « every 1000 hours of per 


Diesel costs liquid petroleum engine wil 
$ ›5 1 
cent of the list price less 
) 
gas St ^a ` , 
LP gas costs units to operate for every 
$336 
of operation 
LP gas represents a Saving Over gasi 


line, however, it is more expensive than 


diesel fuel. If maintenance and depreci 


tion costs are considered, LP gas unit 


become less expensive to operate 


s- M 
Minnesot 


; , Fuel-W ise Broch 
liesel unit will cost 2.5 per cent of the Minneapolis-M 


gasoline or diesel engines 


Research and experience show tl 


oine 
list price more than gasoline units for , Minnesota. 


six cylinder engine 


1000 


Engine speed, rpm Engine speed, rpm 
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Notural Aspiration Supercharged 


Horsepower ~ per cent increase 
requirement 


Octane number 


10 12 
Compression ratio Engine expansion Engine expansion 


Fig. 1—Effect of compression ratio on horse 
power and octane requirement of an engine. 
) Engine compression 
4 compression Intake > Pp 


Fig Theoretical indicator cards for a stand 


ard internal combustion engine and a super- 


charged engine. Note increase in work area eL Exhaust Р, 


through supercharging of the engine 


Fig. 3 (D) 
з Naturally aspirated 
Supercharged | 6./ comp. ratio 

6./ comp. ratio 


pressure 


Supercharged 
6./ comp. ratio $ 


a 


Naturally aspirated 
t 1 f ( 6./ comp. ratio 
Superchorged 
6./ comp. rotio 


2600 3,00C ,000 1,400 


1800 2,200 2,600 3,000 
RPM 


Fig. 3—Comparison of supercharging and increasing the compression ratio of a 
y aspirated truck engine. (A) shows the bhp increase by supercharging over increasing com- 
mp. rati pression ratio. (B) shows the affect of compression ratio and supercharging on the 
fuel octane number required. Note that supercharged engine has a lower fuel 
requirement than 7.2 ratio engine and delivers 35 per cent more horsepower. (C) 
indicates the pressure developed by the supercharger. (D) shows the variation in 
specific fuel consumption. Higher octane number fuel is used for the 7.2 ratio 
engine than for the 6.1 engine. 





Fig. 3 (B) 


Mox. power ignition tim ng 


Supercharged 
6./ comp. ratio 


T Naturally 
ospirated 
7.2 comp. ratio 


reference fuels 


y 


prim 


Compression ratio 
жайы анын бы 
1,000 1400 1800 2,200 2600 3.000 Fig. 4—Maximum cylinder pressure and indicated mean effective 
К { Y 2, ‘ | k : 
RPM pressure vs compression ratio of a standard automobile engine. 
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Supercharging 


Of Internal 


SMALL INCREASES IN engine perform- 
ance can be made by increasing com- 
pression ratio, improving engine vol- 
umetric efficiency, installing 
complex and expensive carburetors 
and increasing engine speed. The gains 
are, however, limited by available fuels, 
acceptable noise level and smoothness 
of operation. For instance: Fig. 1 indi- 
cates the relatively small performance 
gains that can be expected from in- 
creasing compression ratio. The horse- 
power increases about 10 per cent for 
a change in compression ratio from 
6:1 to 8:1. The octane rating jumps 
from 78 to 92, which is about the limit 
of present day premium engine fuels 

Supercharging—on the other hand 


more 


—increases the inlet charge density 
without decreasing the clearance vol- 
ume; thus developing more power for 
the same effective compression ratio 
and fuel requirement. This is done by 
increasing the output per revolution of 
the engine by increasing the quantities 
of air-fuel mixture entering the engine 
during each intake stroke. Mechanical 
means are used to compress and deliver 
the air to the engine at a higher pres- 
sure and density. For example: an ex- 


amination of Fig. 2 


reveals that the 
inlet pressure exceeds the exhaust pres- 
sure by some value Pm — Pe, and re- 
sults in a work increase represented by 
the area 5-6-7-1 being performed in 
addition to the power part of the cycle, 
1-2-3-4. The curves of Fig. 3 further 
demonstrate the results of both super- 


Lines of constant speed 
1 


lost to coolont 


25% 


50% 
100% 
rated speed 


Per cent output 


30 


> 
Mon:fold pressure if 


Fig. 5—Heat loss to coolant at various 
operating speeds for internal combus- 
tion engines. 
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Combustion Engines 


charging and changing compression 
ratio of a high performance engine. 
The added horsepower developed by 
supercharging will have an effect upon 
the engine structural and cooling-char- 
acteristics. However, considerably more 
power can be developed by supercharg- 
ing for a given increase in engine 
weight than by raising the compres- 
sion ratio. Fig. 4 indicates the increase 
in indicated pressure 
(imep ) for a given increase in maxi- 
mum cylinder pressure. For example: 


mean effective 


if the compression ratio is increased 
from 5:1 to 8:1 at 30 in. Hg abs mani- 
fold pressure, the imep changes from 
201 to 220, and the maximum cylinder 
pressure rises from 720 to 1,175 psi. 
Now, if the compression is kept con- 
stant at 5:1 and the engine super- 
charged to reach the same maximum 
cylinder pressure; a manifold pressure 
of 45 in. Hg abs gives about the same 
peak pressure but results in an indi- 
cated mep of 310 psi. In the example 
above the magnitude of the cylinder 
pressure may be considered to repre- 
sent the weight of the engine, since it 


will influence the weight of tl 


1€ ра 
to a major extent. 

Most engines must be designed to 
take some overload and if the super- 
charger is only used for short periods 

-as in the instance of the automobile 


р‹ "Wer de vek рей 


engine—the extra 
during these periods may have little 
effect on engine life 

The heat lost to the coolant will in 
crease with engine output, and the 
water jacket or cooling fins must be 
capable of handling the extra cooling 
required. In most high speed engines 
the heat rejection does not increase in 
direct proportion to the power output, 
Fig. 5, which makes this problem less 
severe than others. 

Supercharger design 
are shown in Table I. The four major 
importance of total 


re quire ments 


considerations are 
engine and supercharger weight; oper- 
ating power and speed range of the 
engine; percentage of operation at part 
throttle; and space requirements. Table 
II (next page) classifies superchargers 


1 


and lists some advantages and disad 


vantages of the various types 


Table I—Supercharger Design Requirements 


Importance of total engine and supercharger weight. 
If weight is of paramount importance, the highest possible supercharger 
pressure should be selected at the expense of cost, part load economy and 


the use of special fuel, 


Operating power and speed range of engine. 
If the engine is to operate in a narrow speed range, the design problem 


is relatively simple since practically all supercharged types can be matched 
to the engine over a small operating range. However, the most difficult 
engines to supercharge are those that must deliver maximum performance 
over a wide operating range. 

A curve of the engine air flow and desired manifold pressure vs rpm 
should be established to be used as a guide in selecting the supercharger 
characteristics required. 


Percentage of operation at part throttle. 

If the engine runs at part power during a large percentage of its duty 
cycle, care must be taken to insure that the supercharger does not absorb 
large amount of power during these periods. 


Space requirements 

The amount of room available for the supercharger may determine the 
operating speed and resultant efficiency in order to produce the required 
air horsepower from a given size unit. 


HO 





TABLE 


II— CLASSIFICATIONS 


POSITIVE DISPLACEMENT COMPRESSORS 


Reciprocating Compressor 
Distinguishing Characteristics 


Reciproceting Compressor 


Consists of a piston driven by a 
crank and connecting rod from the 
crankshaft of the engine. In some in- 
stances, a multiple of engine speed can 
be used if the mecharism, valve and 
other parts can withstand wear and 
work efficiently at high speeds. 


Operating Characteristics 


Piston draws in a charge of air at 
below existing atmospheric pressure 
through the inlet valve, compresses it 
to a pressure slightly above the pres- 
sure in the engine manifold, and dis- 
charges it through the delivery valves 
into the connecting passage to the en- 
gine. Compression is similar to that in 
the engine cylinder: thus following the 
general polytropic equation PV" C, 
where n is between 1.30 and 1.4 depend- 
ing on speed, design and local cooling 
action. The upper value is approxi- 
mately that of adiabatic compression 
and is the value for high speed where 
little time is available to lose heat dur- 
ing compression. At moderate or low 
speed the value of n drops as heat is 
lost during compression to the water 
jacket which surrounds the compres- 
sor. 


Advantages 


High compressor—80 per cent or 
better—efficiency if the proper design 
speed is selected. Normally the com- 
pressor is used with a low speed engine 
at sea level, and where space and 
weight are of minor importance. 


Limitations 


Compressor has to have a capacity 
greater than the engine displacement 
at sea level; and at high altitudes 
would need capacity about 3 times as 
large. Thus large size and heavy weight 
are limiting factors. To reduce the size 
by increasing compressor speed will 
result in low efficiency caused by high 
friction and high throttling losses 


He 


Displacement Blower 
Without Compression 


volutes are mounted on parallel shafts 
that are connected by gears causing 
the impellers to rotate in opposite di- 


| rections. Close clearances between the 


case and impellers are required to re- 
duce air leakage or slippage. With 
good design the slippage is small at 
high speeds and increases as the speed 
is reduced. The friction loss is about 
that of the involute shaft bearings plus 
gear loss. 


Air enters the inlet and is trapped 
between the lobe and the casing and is 
carried around until a compartment 


| opens to the delivery pressure. Back- 


flow from the delivery pipe then oc- 
curs, and the pressure instantaneously 
raises to the delivery pressure, The 
impellers are balanced to permit high 
speed operation. However, the speed 
is limited by the air inlet condition if 
practical volumetric efficiencies are to 
be maintained. Adiabatic compression 
is used as the ideal compressor and the 
ratio of adiabatic work to actual work 
is the type efficiency. For a pressure 
ratio of 2 the efficiency is about 77 per 
cent; for 4, about 56 per cent. The 
blower is driven from the crankshaft 
by belt or gear drive. Since a pulsating 
flow is produced, gears can be a source 
of trouble. 


The size for a given air flow is con- 
siderably smaller than for a recipro- 
cating compressor. Efficiency at low 
ratios is fairly good. A large step-up 
ratio from engine speed is not required. 


For high pressure ratios the effi- 
ciency is poor. Air noise is high be- 
cause of the interrupted flow at the 
cut-off point. Accurately machined 


| timing gears are required that become 


noisy with wear. Matching of the su- 
percharger to engine is critical because 
of its constant volume characteristics. 
The ratio of the discharge volume of 
the blower and the engine flow re- 
quirements determine the supercharger 
pressure produced, 


OF SUPERCHARGERS 


CENTRIFUGAL 


Turbo Superchargers 


Turbine 


These units are centrifugal compres- 
sors that are driven by exhaust gas 
turbines instead of by mechanical 
means. Approximately 60 per cent of 
the heat input of the average internal 
combustion engine is lost in the form 
of exhaust gas heat energy. By increas- 
ing the exhaust pressure and passing it 
through a turbine where adiabatic ex- 
pansion takes place in turbine nozzle 
pressure energy is converted to kinetic 
energy. 


Power is obtained at the expense of 
increasing the pumping work of the 
engine. Ratio of the compressor dis- 
charge pressure to the turbine inlet 
pressure is a function of the compres- 
sor efficiency, the turbine efficiency 
and the ratio of engine exhaust tem- 
perature to compressor inlet tempera- 
ture. A combined efficiency (turbine 
and compressor) of 0.28 is needed with 
an engine discharge temperature of 
1,400 I* to produce a supercharger dis- 
charge pressure equal to the turbine 
inlet pressure. It is difficult to main- 
tain this efficiency over a wide operat- 
ing range without using variable area 
turbine nozzles. This characteristic is 
serious when used with engines that 
operate over a wide load and speed 
range. At idle speed practically no en- 
ergy is available and the turbine runs 
at low speed. 


Small size and light weight for high 
delivery values. Contains no gears or 
mechanical drive components, and 
there are no dubbing surfaces other 
than bearing that need lubrication. 


Need for high temperature materials 
increase the manufacturing costs. It is 
impossible to achieve good perform- 
ance over a wide operating range with- 
out incorporating special features. 
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COMPRESSORS 


Radial Flow Compressor 


Diffuser 


Impeller 
Costing 


Radiol Flow Compressor 


Consists of an impeller, that is made 
to rotate at high speed inside a casting. 
Air enters the compressor axially at 
the center. Its velocity is increased by 
the rotation of the impeller and it 
leaves radially at the impeller circum- 
ference. The air then passes through a 
diffuser where the kinetic energy is 
converted into pressure energy. 


Peak efficiencies vary from 60 to 90 
per cent depending on unit size and the 
design pressure ratio. Maximum effi- 
ciency can be raised by designing the 
diffuser to operate in a narrow range. 
The pressure developed is a function 
of impeller tip speed and from a size 
and weight standpoint the smallest 
possible wheel should be turned at the 
highest possible speed. However, fac- 
tors such as * heel stresses must be 
held to the limit of available materials 
and the ratio of the inlet annulus to the 
wheel diameter must be held to certain 
limits for good efficiencies. Also, shaft 
speeds must be held to the limits of 
available bearings. 900 ft/sec tip 
speeds will produce pressures in ex- 
cess of 10 psi which are sufficient for 
low altitude engines. 


Small size and light weight for high 
delivery values. The discharge pres- 
sure remains practically constant with 
rpm over a wide operating range. Also, 
good efficiency over a wide pressure 
ratio range. There are no dubbing sur- 
faces or close clearances to be main- 
tained. 


Large ratio step-up drive is required 
between engine and impeller speed. 
The pressure varies as the square of 
the speed which results in low pres- 
sures at low speeds. 
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Displacement Blower With Compression 


Displocement Blower with Compressor 


Compressor is similar to the dis- 
placement blower without compres- 
sion. Air is moved diagonally from one 
end of the compressor to the other 
with the aid of a pair of helically lobed 
rotors that interact to provide an axial 
as well as a cross seal. Variation of 
number and proportions of the lobes is 
possible, but optimum results are at- 
tained with a few lobes of large height. 
Timing gears maintain a correct phase 
between lobes. 


Air entering one end is trapped 
within the tooth flanks and is com- 
pressed by the interaction of the rotors 
before being discharged. Amount of 
internal compression can be controlled 
by the location of the discharge port. 
Internal compression results in more 
efficient operation than is attainable 
within a blower without compression. 
Adiabatic efficiency is about 72 per 
cent. Large units delivering 11,000 cfm 
have given efficiencies of 79 per cent 
at a pressure ratio of 2.0:1. The unit is 
operated at a speed of 10,000 rpm, 
which kept the overall size and weight 
to a minimum. 


Increased efficiency over units with- 
out compression because of internal 
compression. Freedom from internal 
friction caused by the absence of metal 
contact as in the vane type blowers. 
Lubrication is avoided and the rotors 
are balanced allowing a high speed of 
rotation. 


High manufacturing costs because 
of complicated rotor design. Care must 
be taken in matching blowers of this 
type to the engine to be sure that over- 
pressurization does not take place 
within the unit. Over-pressurization 
results in performing excess work that 
lowers the overall operating efficiency. 
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Air is trapped between two radial 
blades mounted iu slotted trunnions in 
drum. This is mounted eccentrically to 
the bore of the main casing. Generally, 
the drum is fitted with 4 blades, which 
result in 4 delivery impulses per revo- 
lution. Such units have rubbing and 
sliding contacts that must be lubri 


| cated at high speed. 


During rotation of the drum, the vol- 
ume of the space between blades first 
increases; and the increasing volume 
between the blades is filled with air at 
the suction port, Further rotation re- 
sults in a reduction of the volume of 
the space between blades, increasing 
air pressure approximately adiabati 
cally through some built-in ratio 


No gears are needed and it is rela- 
tively quiet in operation because the 
pressure difference as the ports are 
open can be kept low. Its adiabatic effi- 
ciency, for small displacement units, is 
relatively high—about 65 to 70 per 
cent. 


Lubrication of rubbing parts is re- 
quired. Lubricating oil reduces the ef 
fective octane number of the fuel mix 
ture when used with gasoline engines 
Difficulty is experienced with rubbing 
of the blades against the case if leak 
age is to be kept to a minimum. Fric 
tional losses increase rapidly with 
speed. Because of leakage and friction, 
peak speed is limited to 6,000-7,000 
rpm on small units and somewhat 
lower for large capacities. 


H? 





Fig. 1 — D-c motor design. (A) Field coils are insulated with an inorganic material. (B) Coils are encapsulated in a plastic 
compound. (C) Brush holder yoke of polyester glass. (D) Aluminum fan and ventilation system provide cooling of all speeds. 
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À COMPLETE REVISION OF the NEMA 
standards pertaining to direct current 
motors and generators has been made 
to bring these standards in line with 
modern usage of direct current ma- 
chines. The new Suggested Standards 
for Future Design will enable manufac- 
turers of industrial d-c motors and gen- 
erators to make smaller, lighter, and 
faster-responding machines with a 
much higher degree of standardization 
than under the previous standards. 
The revised standards are concerned 
with “general purpose” integral-horse- 
power motors up to 200 hp and gen- 


Но 


erators up to 150 kilowatts. The stand- 
ards review and revise motor voltage, 
horsepower and speed ratings, gener- 
ator kilowatt and speed ratings, and 
motor and generator insulation and 
temperature rise 


Industrial D-C Motors 


A new definition has been adopted 
as follows: An industrial direct current 
motor is a direct current dripproof 
motor having a continuous rating and 
design, listed and offered in standard 
ratings with standard operating char- 
acteristics and mechanical construction 
for use under usual service conditions 


without restriction to a particular ap- 
plication or type of application. 

Of significance is the specifying of 
the dripproof enclosure as compared 
with the open enclosure of the general- 
purpose motor definition. Surveys indi- 
cated that at least a dripproof enclosure 
was required in a high percentage of 
applications to adequately protect d-c 
machines, particularly the commuta- 
tors, when located in the average fac- 
tory environment. Previously, drip- 
proof machines were an alternative 
with higher temperature rises than 
open machines and with no service 
factors applied to the ratings. 

This new definition has been added 
to the standards in preference to modi- 
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Table I 


Horsepower at 


00 Per Cent 
of Base Speed 
and Higher Speeds 


4000 
4000 
4000 
3700 
3500 


3500 


52 
65 
80 
100 
130 
165 


200 


60 
100 
125 
150 


200 360 


3500 
4000 3500 
1000 3300 
3700 3300 
3700 


3500 


3000 
3000 
3500 3000 


3300 3000 


3300 3000 


3100 3000 
3100 3000 
3100 2700 
2700 
2400 
2400 
2200 
2000 
2000 


1900 


3200 
3200 

13000 

1000 
2800 
2800 
2800 
2800 


2600 
2600 
2600 
2600 
2400 
2400 


1800 


Ha 


3000 
3000 
2800 
2800 
2600 
2600 
2600 
2600 


2500 


2000 
2000 
1800 
1800 


1800 


2600 
2600 
2600 
2600 
2600 
2600 
2400 


2400 


2200 


2200 
2200 
2000 
2000 
2000 
1800 
1800 
1800 
1600 
1600 
1600 


1600 
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2000 1600 


2000 1600 
1600 
160 
1600 
1600 
1600 


1600 


2000 
2000 
2000 
2000 
2000 
2000 
2000 1600 
2000 1600 
1800 1600 
1800 1600 
1800 1600 
1600 


1600 
1600 


1800 
1800 


1600 


eee 


* Industrial direct-current motors shall be 
equal to 1.15 times the base 
base speed 

Industrial direct-current motors shall be 


to 1.3 times the base speed horsepower 


speed horsepower 


capable 


fying the general purpose motor de hini 
tion because: the old definition is still 
applicable to present a-c motors with 
itle that 


indus 


out change, and to infer in the 
these d-c motors are suitable for 
trial use but not in the general purpose 
sense that is associated with squirrel 
cage induction motors. D-c motors are 
applied in industry for special pur- 


poses and applications 


Motor Voltage 


Integral-horsepower d-c motors have 


been rated at 115 and 230 volts. Since 


voltages 


125 and 250 volts, this allowed 


] 
the standard d-c generator 
werc 
10 and 


voltage drop 


20 volts, respectively for line 


However, most drives 


now have individual motor-generator 


sets located 


near the d-c motor, thus 
reducing line voltage drop. A survey 
indicated that plants which had con 
stant potential d-c systems had an aver- 
age voltage at the motor terminals of 
44 volts, with a maximum of 250 and 
a minimum of 226 volts 

A Suggested Standard for Future 
Design has been added to the NEMA 
standards to rate d-c motors at 120 and 
240 volts. Motor voltage was changed 


rather than generator voltage because 
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un 
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Per unit speed 
Fig. 2—Variation in permissible output 
speed of industrial direct-current motors 


speed is changed by field control. 


fewer total ratings For instance, at 5 


hp there are seven possible speed 


ranges as against the previous choice 
ot 
range 15 4:1 
standard permitted a 6:1 value. How- 


four. The new maximum speed 


although the previous 


ever at the higher speed range the 
motor generally requires special con- 
struction and the limited application 
does not warrant the industrial d-c 
motor listing 

A new base speed rating of 2500 
rpm has been added. This fills the gap 
of old that 


1750 to 3500 rpm. The 575 rpm and 


the standard went from 


690 rpm base speed ratings have been 


combine 1 into a new 650 rpm rating 


Table I 


Assumed Motor 
Efficiency 
per cent 


Power Required for Standard D-C Motors 


Old motor WK**575 





0.4 0.6 


with 
when 


Base speed ratings of 100, 150, 200, 
250, 350 and 450 rpm been 
dropped. Below 300 rpm the usage is 
small. The other dropped ratings were 


have 


intermediate to retained speeds, and 
the steps between them are closer than 
necessary considering the adjustability 
of d-c motor speed. 

Motors listed in Table I all have the 
continuous, 60 C rise, horsepower rat- 
ing at base speed. This rating, based on 
the use of Class B insulation, has a 
service factor of 1.15 at base speed 
This permits base speed variation for 
new motors since previously: open ad- 
motors had no 


justable-speed service 


factor at base speed; and neither con- 


New motor WK*=19 | 


Assumptions 
Field excited at t=O 
Current limited to 
1.5 times full load 


1.0 1.2 L4 1.6 


Time. sec 


08 


Fig. 3—Relative response of rerated d-c motors and conventional motors. 


stant- nor adjustable-speed motors had 
a service factor when built with drip- 
proof enclosure. 

Comparative manufacturer data in- 
dicated that motors operated above 
base speed by field control had thermal 
capabilities that followed the curves in 
Fig. 2. Hence, the new standards states 
that when operating between 150 and 
300 per cent base speed, the service 
factor shall be 1.30. For 300 per cent 
and higher, a new horsepower rating is 
established which is a continuous, 60 C 
rise rating only. These are listed in the 
right-hand column of Table I and are 
about 1.3 times the base speed values 

This new system establishes the rat- 


Table III—Power Available from Standard A-C Motors 
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ing at only one temperature rise value, 
making the high speed ratings more 
with the inherent 


nearly consistent 


heating characteristics of the motors 


Generator Kilowatt 
and Speed Ratings 


In establishing the new table of 
standard d-c generator ratings a new 
approach was taken. The old table had 
listed standard kilowatt ratings of the 
samé values as the motor horsepower 
without considering the 


Modern 


supplies power for adjustable voltage 


tables but 


modern application 


usage. 


d-c motor drives, usually a single 
motor. Based on this, the power neces 
sary to supply the standard d-c motor 
ratings was calculated, Table II, using 
typical values of motor efficiency. Also, 
the output available from standard a-c 
motors, Table III, using typical gener- 
ator efficiencies was calculated. 

The values chosen were a compro- 


mise between the theoretical values 
obtained by these two methods, and 
satisfy both conditions. The 1.15 serv- 
ice factor of both the a-c motor and the 
d-c generator can take care of any of 


the small mismatches. The major ad 
vantage of this method of rating d-c 
generators is shown in Table IV where 
both the old and new motor-generator 
set ratings are given for single d-c 
motor drives of standard horsepower 

The old values had been chosen as 
the larger standard 


nearest generator 


Table IV 
Drives 


D-C Motor 
HP 


| 
| D-C Generator KW 
I 
| 


Present Proposed 


ә ) 
100 100 
125 
150 


200 


100 
125 


200 


Motor-Generator Sets for Single D-C Motor 


1 
1-С тогог па 


rating required by the 
the nearest larger a-c motor to supply 
the full nameplate rating of the gener 
ator. Thus, there had been a consider 
able penalty imposed on these drives 
by the standard kilowatt ratings of 
the direct current generators 

the 


The standard speed ratings in 


old standards included all the 50- and 


60-cycle synchronous speeds down to 
: induction 
tal of 
825 ratings to cover the range of 24 to 

rat 


150 KW. Many of the lower speed 
1 


ings were seldom used. The new stand- 


rpm and most of the 


motor full load speeds for a t 


ard eliminates the listing of separate 


ratings for synchronous and induction 


drives since in these sizes most 
by ind lC 


motor 


d-c generators will be driven 


tion motors. A synchronous drive will 


give a slightly higher voltage. Table V 


| 


shows the combination of kilowatt 


and speed ratings from the Sug 
gested Standard for Future Design, a 


total of 95 ratings 


Insulation and Temperature Rise 


estab- 


|: 60 C 


Class B insulation has been 


lished in the new standards with 


temperature rise for the industrial drip 


proof motors and generators. The pr« 
vious NEMA standards had recognized 
Class B as one of the acce ptable groups 


of insulating materials, and along with 


others had set a temperature rise value 


of 70 C for open machines and 75 Q 


for totally enclosed machines. These 


Table V 


[3 
100 
125 
150 
150 
200 


300 
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perature rise results in 
chine which mean that 
weigh less, the inertia « 
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Fig. 3 


will bx 
Thus the 


difterent 


raster, new 


entirely in its cha 


from the previous general 
direct current motor 

The reduction in inertia 
in response is especially imp 


many applications of d« 
quire rapid starts, reversals 
of speed in operation 
The choice of 60 C rise for Class B 
machines is based on the revision 1 
cently made in the ASA Standard N 
C 50. The Class B insulation 
factor of 1.1‘ 
on most d-c motors since di 


le they operate bel wb 


permits a 
Service which is need 
iring part 
the duty cyc 
speed. Self-ventilated motors tend 
run hotter at lower speeds becausc 

the reduced amount of cooling air. The 
gives a margin of satet 


i 
1 below base 


service factor 


1 


ror operatior spec 
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Fig. 1—Direct current motors. 

(A) shunt wound. (B) series 

— wound. (C) compound wound. 
оона Shunt motors are used where con- 
| ~ stant or adjustable speed is needed 

— and starting conditions are mod- 

Series field ] erate. Series is used where high 
\ starting torque is needed and speed 
can be regulated. Compound 

motors are for high starting tor- 


que conditions combined with 
fairly constant speed operation. 


\ 


Shunt field 


Compound (C) 


From: Power 


Types and Uses of 
D-C Motors and Controllers 


Types of d-c motors and applications. Characteristics of 
motor types. Methods of control. D-c motor brush selection. DiRECT CURRENT MOTORS are com- 
plementary to a-c types as to rating and 
speed. Although d-c motors have a 
high first cost and usually require more 
maintenance than a-c motors, they do 
give adjustable speed control, a neces- 
sity in many applications and especially 
in automatic factories. 

Another factor adding to the resurg- 
ence of d-c motors is the design of high 
efficiency, low maintenance rectifiers 
that allow a-c power conversion at the 
motor; thus reducing power loss in the 
leads between rectifier and motor. 

Besides adjustable speed, d-c motors 





offer effective and simple control of 


per cent fu 


torque, acceleration and deceleration 


speed, 


Classification of D-C Motor 


ond 


Direct-current motors may be di- 
vided into three classes: shunt, series, 
and compound. In all three the arma- 
ture is practically the same. The main 
difference between motors is in the 
field coils and hookup 


per cent full load 





| y 
Horsepower 


und. À shunt wound motor, 


Fig. 1 (A), has a field or stator winding 


Horsepower 


connected in parallel with an armature 
or rotor winding. Line voltage is ap- 
plied to both windings. Speed regula- 
tion of shunt motors is good even 
80 100 eo 140 160 I80 200 under overload conditions, and they ar« 


Per cent of full-lood current selected for applications requiring thc 


Fig Characteristics of series, shunt and compound d-c motors. Variation of same speed from no load to full load 


horsepower, torque and speed with armature current for per cent of full load. Because of their constant speed char- 
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Shunt field coils 


Field resistor 


F 


Fig. 3—Methods of controlling motor speed. (A) Motor speed 
can be reduced below normal full-load point by armature 
resistance. (B) Field control of speed is most economical. (C) 
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\ 
/ 
Field coils 


а 400000000, 


(С) 
| 
NNW 
VY 
мм 7 


А 


Series field coil 


Adjustable resistor 


Shunt 
resistor ^ XA 


(D) 


Adjustable resistor for series motor field 
current. (D) Shunting resistor across field winding increases 
series motor beyond full-load value. 


varies armature 


For 


wound units, but in larger sizes 


acteristics, shunt wound direct current 
motors are used on line shaft drives, 
machine tools, packaging equipment, 
and similar equipment. 

In a stabilized 
wound motor, a light series winding is 
added to prevent a rise in speed or to 
obtain a slight reduction in speed with 
increase in load. This type motor is 
particularly well adapted for adjustable 


so-called shunt 


speed operation. 


wound. lf circuit is 


Series the field 
connected in series with the armature, 
the unit is a series wound direct cur- 
rent motor, Fig. 1(B). These motors 
are used in applications similar to the 
a-c shaded pole motor, like fan appli- 
cations operated by d-c circuits. 

High ratio of no-load to full load 
speed permits use in hoist and traction 
work where speed must vary inversely 
with load. For example, low speed lift 
operation is needed on a hoist, but 
when moving the empty hook, a high 
speed is desirable. This speed charac- 
teristic, however, makes it necessary to 
positively connect the motor to load 
through couplings or gears. A series 
motor without load will race at high 
speed, and the large motor sizes may 
destroy themselves or runaway by 


centrifugal force 


ИР 1 A 
wound motor, Fig. 1 (C), has two sepa- 
rate field windings—one, usually the 


Compound и compound 
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predominant field, is connected in par- 
allel the the 
other winding is connected in series 
with the armature circuit 

The speed of a compound motor de- 
creases as the load increases. Thus the 
speed regulation is poor, possibly 20 
per cent or more depending on the size 
of the series field. This type of motor is 
used for heavy starting duty and widely 
fluctuating loads where the full-load 
and no-load speeds are not required to 
the 


with armature circuit; 


be the same. Because of series 

winding, speed is not as constant with 

varying loads as the shunt motor. 
Compound wound motors are used 


in the same applications as d-c shunt 


Tabie I 


Full-load 
speed, 
per cent 


Voltage change 


amp, 
from normal 


SHUNT 


10% low 
10% high 
20% high 


COMPOUND 


10% low 
10% high 
20% high 


1: Main field, commutator and armature higher 
2: Main field higher; 


3: Main field lower; commutator, armature higher 
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Full-load 


per cent 


commutator, armature lower 


ratings in excess of 14 hp, a starting 


rheostat is usually required 


Characteristics of D-C Motors 


The speed, torque and horsepower of 
direct current motors can be varied by 
armature current. Fig. 2 shows the 
characteristics of d-c motors. Table 1 
indicates the effect of voltage varia 
tions on d-c motors 


Shunt and compound motor 
i 


motors with a fixed supply voltage 
be adjusted over a 4 to 1 speed range 


by shunt field control, Fig. 3(A 


Effect of Voltage Variation on D-C Motors 


Max over 
load cap., 
per cent 


| Start torque, | 
per cent | 
run torque 





7 ond regu tatin 


orm 


Storting ond reguiloting resistor 


Blow out 


coii 


oe 


/ 
/ / Series 
field 


/ 





Release switch 


Fig 


] have been ob 
tained by field control, Fig. 3(B), but 


Speed ranges of 8 to 


usually any speed reduction below 25 
per cent of full speed is obtained by 


series armature resistance Shunt mo- 


tors maintain constant speed at any 
speed setting in the range of field 
control 

the 
armature circuit the speed varies with 


the load. The 


However, with resistance in 


shunt wound motor is 





control circuit 


i—Reduced-voltage, manual d-c controller. 
below normal by varying the resistance in the 


Hold coil 


Speed may be varied above and 


armature circuit. 


unequaled for flexibility of speed con- 
trol and its versatility more than offsets 
its higher cost. Whenever direct cur- 
rent power is already available, this 
type of motor should be used for all 
adjustable speed drives 

Series motors. Series wound units are 
variable speed since their speed de 
creases with load increase. The speed of 
a series motor 


can be controlled by 


Storting resistor 


elerating time factors 


Full field 


and field acceleroting 


L Overload relay 


-Reduced-voltage 


series resistance, but no accurate speed 
setting is possible because of the in- 
herently poor regulation. 

An adjustable resistor, Fig. 3(C), 
can be used to vary armature field cur- 
rent. The resistor limits starting cur- 
rent and controis running current so 
the motor cannot run away. A shunting 
resistor, Fig. 3(D), placed across the 
field winding permits the increasing of 
speed beyond the full load value 


D-C Motor Controllers 


Because of the low armature resist- 
ance of direct current motors, d-c con- 
trollers have a number of steps of 
resistance in the armature circuit to 
protect the armature windings from 
current and 


excessive minimize 


any 
disturbance to the power system. As 
the motor comes up to speed the re- 
sistance is gradually cut out until the 
armature is directly across the supply 
voltage. Motors of 2 hp or less may be 


started on full voltage if no limitations 


are imposed on the driven machine by 


the power supply. 

Speed control is obtained by design- 
ing a portion of the starting resistance 
for continuous duty and inserting a 
variable resistor in the field circuit, Fig. 
Í. Speeds below normal are obtained 
with full field strength by increasing 
the resistance in series with the arma- 


Discharge resistor 


control circuit 


broking relay 


magnetic d-c controller. Acceleration is automatic being controlled by time or current sensitive relays 
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Fig. 6—Types of brushes that may be used in d-c motors. Selection should be 
made by motor test since motor and load variations will affect brush life. 


ture. Speeds above normal can be ob 
tained with no resistance in the arma 
ture circuit by increasing the resistance 
in the field circuit, which decreases the 
magnetic field strength 

Manual type starters are the cheapest 
control for direct current motors up to 
150 hp, and consist of a cabinet with 
Starting or speed adjusting resistors 
and an lever. For push- 
button control of all ratings, magnetic 


operating 


starters with adjustable time limit ac- 
celeration and accessible resistors are 
used. The field rheostat usually has a 
hand wheel to permit manuel adjust- 
ment of speed, although it may be 
motor operated. Acceleration is under 
control of the operator with some mag- 
netic controllers, however, as shown in 
Fig. 5, the magnetic controller can be 
made automatic under the control of 
time or current sensitive relays which 
open and close various circuits. 

Direct current motor control shoul 
have low voltage protection that dis- 
connects the motor from the line in 
the event of a power failure. This pre- 
vents the armature from having full 
voltage applied to it when power is 
restored, since all armature resistance 
must be in the circuit before the motor 
Ье restarted 
loss of field power is also included in 


can Protection against 


some starters to prevent the motor 


from running away if the field excita 
motor will de- 


tion fails, A run away 


stroy itself and associated equipment. 
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Brush Selection 


Proper brush selection, Fig. 6, is 
almost as important as proper motor 
selection. Brushes are made from four 
general classes of materials. There are 
carbon, electrographite, graphite, and 
copper graphite. 

Carbon brushes. These cost less than 
the other types but are generally re- 
stricted to machines of lower current 
density and speeds than are found in 
modern equipment. since 
many older d-c motors are still in use, 


carbon brushes still have extensive use 


However, 


Carbon grades give excellent results 
where: (1) cleaning action is needed 
of low peripheral speeds; (2) Mica is 
flush and it is impractical to undercut; 
(3) strong oxidizing fumes are pres- 
ent; and (4) brush-cost economy is a 
major factor. 


Electrographite. Material has the same 
base as carbon but is processed at high 
temperatures in an electric graphitizing 
furnace. Treatment produces significant 
changes in material characteristics, in- 
creasing its electrical and thermal con- 
ductivity while rendering it softer yet 
very tough 

This change, as applied to brushes, 
develops a material low in friction 
non-abrasive, resilient (ability to ride 


the commutator without bouncing) 
cool running and capable of carrying 


more current than carbon grades. The 
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material loses its abrasiveness in the 


graphitizing process; thus the electri 
graphite brushes have little or m 


cleaning action 


Grap% ite brushes. These are easily dis- 
tinguished from carbon brushes by the 
silvery appearance and soft flaky struc- 
ture. High quality graphite is mined, 
hence in manufacture, any amount of 
added. A 


its abrasive 


cleaning material may be 
valuable 


action may be altered without a change 


property is that 
in grade. 

Also, most graphite grade brushes 
are made so the resistance between heel 
considerably greater than 


and toe is 


lengthwise resistance. This adds to the 


brush commutating ability since it 


tends to suppress circulating currents 


in brush race without increasing con 


tact drop 
[hese are a 


Coppe 


/ арис / 


mixture of powdered copper and 


graphite, pressed together and baked at 
a relatively low temperature. Copper- 
graphite grades are primarily designed 
for slip rings or commutators having 
high currents at low voltages. The low 
contact drop and high current capacity 
r low-voltage 


recommend their usc 


fi 
generators designed for electrolytic 
processes 

Abrasive actions inherent in metal 
brushes are dependent on the propor- 
tions of copper; the more copper the 
greater the abrasive action 

High copper content increases the 
current carrying capacity and the cur 
rent drop. In selecting copper-graphite 
brushes, contact drop and commutator 
film are always factors because with 
heavy currents, heat loss at brush con 


high 


should be as thin as possible consistent 


tacts may be Commutator film 


with satisfactory operation 
Brush Maintenance 
Grinding and undercutting the 
major maintenance methods. Grinding 
is needed when regular and definite 
vibration is felt, timed to motor speed 
Undercutting improves lubrication and 
may be a deep U or a shallow V. Un 
dercut all 


l four 
| 
і 


commutators having 


or more brushes 
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Servomechanisms Inc 


PROBABLY THE MOST VERSATILE of 
the various control systems is the elec- 
tro-mechanical type or servomecha- 
nism. In this system tue control quan- 
tities are represented by electrical vol- 
displacements. 


tages or mechanical 


Electro-mechanical devices are the 
components of such systems 

A servomechanism may be used: to 
change an electrical signal to a pro 
portional shaft position; to amplify 
torque; in remote transmission of 
angles; in the generation of special 
functions; and to compute. The ver 
satility of a servomechanism allows its 
use in systems for: speed control; re 
mote positioning; and regulation of 
any quantity such as temperature or 
force, which may be represented by an 
electrical signal. Since most physical 
quantities can by appropriate measur 
into in 


ing devices, be translated 


equivalent electrical signal, the servo 


His 


mechanism must be designed for one 


Table I lists the 


of many functions 


steps in servomechanism design 
Basic Servomechanism 


A servomechanism may be basically 
regarded as an output and input. Fig. 1 
shows a group of typical applications. 
The function of the servomechanism 
is to force some type of pre-determined 
correspondence between the output 
and the input. Typical forms between 
Output and input are: 

1. The output must correspond with 
the input signal 

2. The output velocity must corre 
spond with the input signal. 

3. The output acceleration must cor- 
respond with the input signal. 

These three forms refer respectively 
to a position servo, a velocity servo, 
and an acceleration servo. More com 
plicated setups may be made so that 
the shaft angle of the output may be 
function of the 


any desired input 


Synchro 
transmitter 


Ser vomechanism 


High torque 
load 


Fig. 1—Typical servomechanism applications. 
(A) speed control, (B) temperature control, 
and (C) torque amplification. 


Fig. 2 Right—Special purpose servomecha- 
nisms. (A) Summation circuit—delivers an 
output corresponding to the sum of the con- 
tents of the three tanks. (B) Servomechanism 
used to compensate gas density 
from pressure and temperature data. 


for division 


signal. Fig. 2 shows some of the more 
unusual requirements of correspond- 
ence of servomechanism devices 


Errors in Servomechanisms 

In using servo systems, some con- 
sideration must be given to the accu- 
racy which the desired corre 
spondence is achieved. For example, 
consider the unit in Fig. 3 (page H22), 
in which an output shaft position is 
adjusted to correspond with an input 


with 


electrical signal. 

A static error is developed as a con- 
sequence of external torques or fric- 
tion. Similarly, if the input is varying 
at a uniform rate requiring a uniform 
velocity of output shaft motion, then 
the friction of rotation will cause a 
deflection and a velocity error. 

Sudden changes in the input signal 
may occur so rapidly that some time 
must elapse before the output, which 
has some inertia, can assume its proper 
position. The temporary inaccuracy 
that occurs after a sudden change in 
input signal is often called the transient 
response error. If the input signal 
varies in such a manner that the out- 
put has neither the power nor the 
speed to accurately follow the signal a 
dynamic error is developed. 

The error may be measured for the 
most of servomecha- 


common ty pes 


nisms by means of certain constants 
In simple systems there is a definite 
relationship between error and the 


behavior of the servomechanism out- 
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1. In 


fixed 


transients 


0 


nce lave 

servomechanism, a 
1 a proportional 
t 


a fixed error 


error signal will yiek 
displacement of the output shaft. In a 
С] 


signal will yield a proportional velocity 


lass 1 servomechanism 


of the output shaft, while a fixed error 
( 


on a Class servomechanism yields 
proportional acceleration of the output 
shaft ot 


displacement, velocity, and acceleration 


In each instance, the ratios 


to the fixed error magnitude (when 


expressed їп consistant units ) are 


known as positional, velocity, and ac- 


celeration constants respectively. Com 
mon symbols are Ky, Ky, and Ka. These 


constants not only are measures of the 


gain, but also indicate the class of 
the servomechanism device 


Neglecting friction, a Class 1 serve 


mechanism will introduce zero error 


Table 


Type of Control System Reference 


Voltage regulator 


ard cell 


Potentiometer 
put voltage 


Speed control 


Potentiometer 
put voltage 


Temperature regula 
tor 

Signal fr 5 

chro Generat 


Torque transmission m 


and amplification 


ntion 


neter 
tage 


Fluid flow control ot« 


put 


*Ordinarily includes means for stabilization 


Input 


Signal from stand 


out- 


out 


out 


system Operating 


ре - 
negligible velocity. Similarly, a Cla 


introduce 


in a positioning 


servomechanism will 


error in a system Operating it uniforn 


ler 


3 


velocity, but with negligible acc« 
quality or 


tor 


tion. Thus, the intrinsic 


servomechanism tl 


impr ves 
higher classes. Unfort 
ot 


severe 


} 


lem stabilization becomes 


more 


strument servomechanisms are ( 


which is still relatively easy to stabilize 


Higher order servomechanisms usually 


are found in complex systems, 
result 


as a 


Incorporate 


stabilization methods 


Definition and Performance 
of Control Systems 


\ basic 


servomechanism 


general block 


is sh 


"Typical Electro-Mechanical Cont 


C 


mtrol Elements and 
Controlled System* 


Amplifier [ 
cited generator 


jus separate! 


Amplifier plus motor 


Amplifier plus heating elem 


rhe 


n Amplifier plu 


g 


gc irhead 
plus flow control valve 


Amplifier plus 


not tabulated here 
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Because of this, most in 
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апа 
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C mplicate 
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Calibrated tachom 
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The 
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Feed 
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[able I 


Designing a Feedback 
Control System 


and compare the 
of Fig. 4 


approach 


Study the problem 
system with the schematic 
Establish the basi 


appropriate 


the 


variables 


Choose 


vert from given 


to the 
tri 


output 


mechanical and/or ele 


required for the problem 


Devise a c 


vields a useable error signal 


it 
С 


ymparison circi 


output 


a motor of adequat« 


to drive the load 


Choose an 
capacity to drive 


nt 


the servon 


with sufficie sensitivity 


the maximum allowable 


be sufficient to star 


quired to achieve 


stability 


Construct 
ceed exper 


—— 


Sn 


П 


electro-mechanical 


Table 
All 


nisms fall into this patter 


"WS some 


forward loop and a feedback loop 


In general, the input signal, 


the command or the order, is 
It 


servomechanism. It ts the 
ot 


the 


to a 


tion the servomechanism t 


lish appropriate correspondence 


between the actual output, or the r« 


The 


response 


command 


he ( utpu 


sponse, and th« 


Р 


element measures t 


and transforms it into a suitable form 


for 


e 


comparison with the input signal 


Systems 


back Element 


ect connection 


ter generator 


1 
upie 


rmoc« 


ith € 


ywmeter, Ww 


trical output signal 


* * Alsc 


acts as a 





TORQUE SYNCHROS 


SYNCHRO GENERATOR 


م 
SYNCHRO‏ 
DIFFERENTIAL‏ 


GENERATOR 


POWER COMPONENTS 


MOTORS 


SYNCHRO RECEIVER 


TWO PHASE 
INDUCTION 


ARMATURE CONTROLLED 
SHUNT WOUND 


TORQUE 
MOTORS 
STEP MOTORS 


SYNCHRO 
DIFFERENTIAL 
RECEIVER 
FIELD CONTROLLED 
SHUNT WOUND 


CHARACTERISTICS OF COMPONENTS 


FOR CLOSED LOOP SYSTEMS 


1 Out Dy thé 


Of comparat 


the difference 


between th« 


rc sponse 


fying 


signal and applying it 


r or actuator that adjusts the sys 


tem being controlled to the re 


au 
1 


ire 
condition 

The tee 
lat ] ont 
аага eiement an 
ł } 
поп 


Irc 


1! ^ lox р соп! 
] the c mparator, m 


uning 


have ıccuracy since these units 


th 


The 


containing the 


meas quantities being con 


trolled forward loop elements 


amplifier, servo-motor 


1 


апа gear train must be sensitive tO very 


rapid 
when the 


1 
small errors so 


correction ly 


synchronized 


} 


servo mechanism 15 not 


Forward loop elements require his 
gain for control 
However, high 


be 


increasing ampli 


accuracy Cannot 


achieved by merely 


h pick up th« 


пег to 


smallest error 
Stability of 
ot 


possible Because there is a closed low p 


vain 
and immediately correct it 


the system limits the amount 


gain 


from 


ourpt [ 


Ius 


input to the servo amplifier to 


he element, an 
bec 
nte 

sm os illation 


Lhe his im] пса 
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ion around the 


SWITCH OR SPLIT 
RELD SERIES WOUND 


Table II 


Definitions and Performance Criteria 


ERROR is the 
feed back signal to which it is compared 


difference between the referer system, al 


STATIC ERROR 


transients have subsided 


fixed reference input, whi 


It is the error 


is the error for a h per 
In a 


sists 
onditic 


of fricti 


under static « ons 


anism, static error is usually caused by the presence n 


VELOCITY ERROR is the error 


at a uniform rate 


in following when the reference input is changing 


In simple servomechanisms the velocity error is proportional 


to the rate of cnange of the reference input 


of the 


measured, for example, 


of the 


displacement 


It 


actuator 


servomech: 
of th« 


stiffness, the less th« 


STIFFNESS is a measur« error correcting ability inism 
r be 


shaft from its proper position. 


may as torque per 


th« 


unit 


The greater servo errors 


NATURAL FREQUENCY is the 
oscillate 


and 


frequency at which the servomechanism tends to 
It is determined by system stiffness, inertia, 
A controlled servo 


a torsional pendulum, thereby exhibiting a 


under transient conditions 
to some extent by the degree of damping in the system 
output shaft behaves somewhat like 


characteristic frequency. 


FREQUENCY RESPONSE is the relationship between the amplitudes of output to 


input motion when the input is caused to vary sinusoidally at a variable frequency. 
In effect, the frequency response measures the maximum speed which the servo 
mechanism is capable of following without very large errors. The frequency re 
sponse curve may exhibit a peak in the vicinity of the natural frequency, and fall 


off rapidly thereafter 


TRANSIENT RESPONSE is the response 


a sudden change in input 


of the ou of the vomechanism to 


Depending upon the degree of damping or dissipation 


tput ser 


present in the system, the output will oscillate a great deal before finally coming 


to rest, or else will come to rest smoothly with only a small number of overshoots. 


HUNTING 
It is n 


of 
of servomechanisms 
delay 
for 


is the characteristic some servomechanism oscillate continually. 


with high stiffness and fast re sponse 
such as inertia, 


the I vent 


ost characteristic 
which tend to inductance, and backlash, 


of 


response 
responsible immediate 


effort 


irgel hunting 


ctive 


sin application 
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SIGNAL COMPONENTS 


GENERALIZED SCHEMATIC OF 
FEEDBACK CONTROL SYSTEM 


COMPUTING 





POTENTIOMETERS 


INDUCTION CONTROL SYNCHROS 


VARIABLE 
TRANSFORMER 


CONTROL 
| TRANSFORMER 


DIFFERENTIAL 


GENERATOR GENERATOR 


loop provides s tent nerey tO KC 


the system in motion if the phasing of 


the feedback not such as to always 


cancel Servomechanism de 


sign is, therefore, a compromise be- 
tween three limiting conditions: ac 
racy, speed of r« and stability 
Table III of a 
mechanism. Table IV describes prob- 


lems met in control system design and 


ind Table 


some control components 


Spi nse, 


1 1 
lists the criteria serve 


development V describes 
| 


TRANSDUCERS. idapt basic 


servomechanism to the wide variety of 
industry problems, it is important to 
convert the industrial process parame- 


ters tO mechanical 


ansducer IS 


either. electrical or 
The 


to change signa:s from one 


torm function of a tr 
parameter 
form to the othet form 

Transducers are 


small, light, ac 


rate components, handling negligible 
power. Specifying the transducer sets 
up the range of accuracy, stability, 
resolution, range, reliability, residual 
voltage output, and other variables of 
the system. Fig. 5 shows the iocation 
of typical transducers in a complicated 


servomechanism system 


AND GEAR TRAIN. Be 
fore these units can be specified the 
In 


general the load is a complex com 


SERVOMOTOR 


load to be driven must be known 
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ANGLE TRANSMISSIONS 


SYNCHROTEL 


INDUCTION 
GENERATOR 


TORQUE 
GENERATOR 


ELASTIC 
RESTRAINT 
GENERATOR 


Table IV 


LOADING EFFECTS 
Pressure bellows dr 


attenuation in s 


PICK-UP—Indu 
through power 
signals, or nois 


increasing error 


NONLINEARITY 
other effects, are not readi 
They 


compensation techniques 


to servomechanisms 


engineers to antici 


ADDITIONAL TIME DELAYS 


TACHOMETERS 


r problems, and 


NONLINEAR COMPONENTS 


ت 


RESISTANCE RESOLVERS 


POTENTIOMETERS 


INDUCTION 
POTENTIOMETERS 


| MECHANICAL 


Problem Areas in Feedback Control Systems 


Analog 


Due to a lack of a í 


ponent, or perhaps due to an analytic simplification 


not anticipated by 


were 


the servo-designer. Fr 


equently 


develop due to the interaction of two coupled elements, whi 


possess them. Sometimes time delay 


assembly, such as in shaft resilience 


ot 
chanical compliance. A 


bination inertia, friction and me 


complicating 
factor is the friction that may be of 
many different types. These are 

1) 
dependent of th: 


) 


Coulomb friction, which is in 
speed of rotation 

) Stiction or starting friction, the 
friction met at extremely low speeds, 
that is considerably reduced once mo- 
tion has started. This type of friction 
Causes a jerky response 

Viscous friction, which is a fric- 


>) 


1956 


S ( 


rop up due to 


th« 


гл viring 


tion proportional to 


This component 


fairly simple to analyz 


rotation 


its behavior. But it only 
represents the friction ‹ 
t) Con 


trict 


Inc 1 
braces the above separ 


cl sely represents the 
[he 


with speed is shown in Fig 


Variation of 


four types of friction descril 
Another troublesome fact 





Positioning 


г “т h cr 
Input Sservomechonism 


commond 
5 ‚по! 


Voltmeter 


Simple positioning servomechanism 


Feed back signal Data е/етеп! 


Mechan Fig lock diagram of el ( chanical servome 


ut is proportional to the electrical input 


compliance caused by the torsional 


resilience of a shaft, or backlash caused 
by lost motion between mating gear 
teeth or in couplings 

The servo-motor is essentially a high 
speed device and is geared to the load 
The selection of the servo-motor and 
the gearing are done together, and al 
though the selection is complex the 
following rules may be applied 

1) Where a friction load is being 
driven the gear ratio is selected so that 
the motor is at Maximum power out 
put when the load is at rated speed 

2) Where high acceleration of an 
inertial load is required the gear ratk 
E 


following formula 


Iis selecte 


where J load inertia 
J u =motor inertia 
n rear reduction ratio 

Under this condition the acceleration 
obtained is half the acceleration of the 
motor itself 

3) Where high static accuracy and 
relatively slow positioning are re 
quired, the gear ratio is made high 

1) A lower limit to gear reduction 
is set when the servomechanism load 
must be driven at very low speed. If 
the servomechanism speed is too low 
then uneven tracking will occur as a 
result of stiction and motor slot-lock 

5) The motor cannot accelerate b« 
vond its theoretical stalled acceleration 


as defined by the motor manufacturer, 


and only when the load is negligibk 


and the motor is at rest 

6) The motor must have ample 
power above that required by the load 
7) Gearing must not have a reduc 
tion greater than three or four per 
stage in the stages near the motor 
shaft, since system inertia increases 
rapidly. Gear stages going slower than 
motor shaft speed are less critical 


8) Backlash and other accuracy r« 
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Table V—Control Components 
ГҮРЕ DESCRIPTION 


COMPARATORS 


Control Motor like device which yields an electrical output signal propor 
Transformer tional to the difference between an input electrical signal from a 
synchro generator, and shaft position 


Mechanical Mechanical output proportional to one half the 


Differential mechanical inputs 


Differential Special potentiometer structure yielding electrical output propor 
Potentiometer tional to difference of two angular inputs 


Networks Output voltage equal (о АІ, +ВІ,, where lı, are input voltages, 
and A, B are preset constants 


Synchro Mechanical output proportional to difference between two electrical 
Differential signals from synchro generators 


AMPLIFIERS 


Magnetic Rugged amplifier for medium to high performance systems. Wid 
range of power outputs 


Transistor Principle limitation, temperature, being overcome by use of Silicon 
types. Small size, high efficiency 


Relay Rugged, compact, and economical for low to medium performance 
systems. Life is principle limitation 


Vacuum For highest performance systems. Principle limitation is inefficiency 
Tubs which means heating and reduced life 


Thyratren For medium performance systems. Similar to relay but without con 
tact problems and consequent limit on life 


Rotating For very large power output. Medium to high performance systems 


Amplifiers Normally preceded by driver amplifier. Amplidyne, Rototrol, and 
Regulex are common types 


STABILIZATION MEANS 


Mechanical Friction coupling from actuator shaft to ground or to a free wheel 
damper ing inertia 


Shaft Simple effective damping, especially in presence of backlash. Not 
friction reliable. Increases servo errors 


Network Variety of special networks provide damping. Lead, lag, and lead 
lag are most common. Inserted in series with amplifier 


Tachometer Voltage proportional to output shaft speed is fed back and sub 
damping tracted from error signal. Common practical approach 


Viscous Viscous fluid, or eddy current coupling from shaft to a free-wheeling 
dampers inertia provides convenient damping 


D-C Sometimes d-c in the actuator windings will generate a drag torque 
damping useful as damping 


Counter emf Special network arrangements in d-c control systems where speed 
damping proportional d-c is generated for damping purposes. 
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ug. $ le 1 | 
Fig Complex servomech Dota element (transducer 
anism. Addition of transducers which measures output) 
enhance flexibility and makes 

the system adaptable to spe 


cin арри‹ поп 


hnements of the gear 
critical at the low speed 


train than at the high end 





CONTROLLER. Basically the element is 
an amplifier and is used to increase the 
error signal. However, subsidiary ele 
ments are often included suc 

1) Amplifier, which 
vided into a pre-amplifier 
amplifier 

) Phase shifting networks, which 
are required im a-c servomechanisms 
to achieve the proper phase relation 
Б ships between the main and control 
Response 
winding of the servo-motot 

3) Stabilization networks 

be inserted before the pr« 

t) The comparison element sinc 


this simplifies shielding the element 


n 


from stray electrical errors 


Typical Input Signals 


occelerot 


A servomechanism is specified by its 


а 


performance to a set of input signals 
which may be as follows 
1) А step input, which ts 
change 1n input 
>) A constant velocity 
which the input is varying uniformly 
A constant acceleration input in 


which the input is accelerating unt 





Frequency —> formly 
{) А sinusoidally varying input, 
where an adjustable frequency constant 
amplitude signal is applied and the 
relative magnitude and phase angle of 
the output constitute the response 
3) Specialized inputs which may 
recur repeatedly in certain uses 
The above types of inputs and typ 
ical responses are shown in Fig 
For each of the inputs there is a brief 
settling period before the response 
6 Left—Different types of friction. (A) Viscous friction, takes a steady form. This initial portion 


i (C) tic d ) bined fric 1 
coulomb friction, (€ stiction, and (D) combined friction is the transient response the remaining 


Fig. 7 Right—Typical signal input and responses is the steady state response 
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Applications of Differential 


Known for its mechanical advantage, the differential winch is a control mechanism 
that can supplement the gear and rack and four-bar linkage systems in changing 


ALEXANDER B. HULSE, JR. and ROBERT AYMAR 


Factoring Instruments & Devices, Inc. 


Small drum(D,) | ..- Lorge drum (Do) 


Anchor Anchor 


Drum shaft 


Cable 


Fig | 


End View Front View End View 


FIG. 1—Standard Differential Winch; consists of 
two drums D, and D» and a cable or chain which 
is anchored on both ends and wound clockwise 
around one drum and counterclockwise around 
the other. The cable supports a load carrying 
sheave and if the shaft is rotated clockwise, the 
cable, which unwinds from D; on to D», will raise 
the sheave a distance 


Sheave rise /rev 


The winch, which is not in equilibrium, 
exerts a counterclockwise torque. 
P 
Unbalanced torque R 


) 


سس کک 


Fig. 3(A) 


Anchor 


Cable 


Sheove 


Fig. 2 (A) 


Small dia. drum 
y Large dia. drum 


Variable cross - 
secfion oufer 


Front View 


FIG. 2(A) —Hulse Differential Winch*. Two drums, which 
are in the form of worm threads contoured to guide the cables, 
concentrically occupy the same longitudinal space. This keeps 
the cables approximately at right angles to the shaft and elimi- 
nates cable shifting and rubbing especially when used with 
variable cross sections as in Fig. 2(B) where any equation of 


motion can be satisfied by choosing suit- 
able cross sections for the drums. 

Ways for resisting or supporting we 
axial thrust may have to be considered 
in some installations. Fig. 2(C) shows 
typical reductions in displacement. 


Pat. N 


FIG. 3(A) —Hulse Winch with Oppos- 
ing Sheaves. This arrangement which 
uses two separate cables and four anchor 
points can be considered as two winches 
back-to-back using one common set of 
drums. Variations in motion can be ob- 
tained by: (1) restraining the sheaves so 
that when the system is rotated the 
drums will travel toward one of the 
sheaves; (2) restraining the drums and 
allowing the sheaves to travel. The dis- 
tance between the sheaves will remain 
constant and are usually connected by a 
bar; (3) permitting the drums to move 
axially while restraining them  trans- 
versely. When the system is rotated, 
drums will travel axially one pitch per 
revolution, and sheaves remain in same 
plane perpendicular to drum axis. This 
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Winch to Control Systems 


rotary motion into linear. It can magnify displacement to meet the needs of delicate 
instruments or be varied almost at will to fulfill uncommon equations of motion. 
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Winch support ground roller 
bose ond for greater 
a. magnification 
_- - positioner T of pointer 
Spring opposing movement 
diaphragm Radial slot 
for scale Rreciprocatin 
/ ing car 
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(flexes with, fo pressure or a n variation can be reversed by allowing 
X- 

pressure , || /етрега?иге - ->=к==® sheaves to move axially; and (4) sheaves 

| p “М5 » need not be opposite but can be arranged 
Diaphragm ` Diaphragm moves Casing as in Fig. 3(B) to rotate a wheel. 
support (fixed) in this direction for 

pressure increase 
Fig. 4(A) Fig. 4(B) 








FIG. 4(A)—Pressure and Temperature 

Indicators. A pressure change causes the 
Сопот гов оиро diaphragm and sheave to move vertically 
motion) and the pointer radially. Equilibrium oc 
curs when spring force balances actuat 
ing torque. Replacing diaphragm with a 
thermal element changes instrument into 
a temperature indicator. Two sheaves 



















Clevice fixed to receiver piston 










ch t 
Anchor bol Pocking 





and a reciprocating carriage, Fig. Á(B), 
are based on the principle shown in Fig 

( A). Carriage is activated by pressure 
or temperature and is balanced by a 
spring force in opposite end. Further 
magnification can be obtained, Fig. 4(C), 
by wrapping cable around a roller to 
which pointer is attached. 
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Hydraulic Receiver 
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uid ubing лр” тооп applied 


fo winch axis Sheav i 
Winch support FIG 5—Hydraulic Control System Actu 
support. ated by a Differential Winch. Used for 


remote precision positioning of a control 





















rod with a minimum of applied torque 
The sending piston, retained in a cylin 
der block, reciprocates back and forth by 
a torque applied to the winch shaft. Fluid 
is forced out from one end of the cylin- 
der through the pipe lines to displace the 
receiving piston which in turn activates 















Packing 








i * 














Pisfon 
Fluid Fluid a control rod. The receiver simultane 
TT ously displaces a similar ameunt of fluid 
Fluid tubing Cylinder block 
— “с, س‎ from the opposite end back to the sender 
By suitable valving the sender may be 
Fig. 5 Hydraulic Sender used as a double-acting pump 


Product Engineering — Mid-October, 1956 


CHRYSLER INDUSTRIAL 
MODEL 31 ENGINE 


230 cubic inch displacement 


CHRYSLER INDUSTRIAL (Front End Gear Drive) 


MODEL 56A V-8 ENGINE 


354 cubic inch displacement 
(Front End Chain Drive) 


GOOD EQUIPMENT MUST HAVE GOOD POWER TO PERFORM AS RATED... 


Install Chrysler Industrial Engines 


CHRYSLER OPEN POWER UNITS 
Open power units for all engines include 
complete engine plus skid base, fuel 
tank, radiator, instrument panel complete 
with instruments, mounted on flywheel 
housing. 


70rmr7 un «207r CÓ 


CHRYSLER ENCLOSED POWER UNITS 


Enclosed power units have complete 
engine, fuel tank, storage battery, instru 
ments and instrument panel, flywheel, 
flywheel housing, skid base and com- 
pletely enclosing sheet metal 
Optional Equipment for Chrysler 
Engines 
Chrysler Industrial Torque Converter — 
with or without Tailshaft Governor 
Chrysler gyrol Fluid Coupling 
Three, Four or Five-Speed 
Transmission 
Twelve or Twenty-Four Volt Electrical 
System 
Propane or Natural Gas Burning 
Carburetor 
Over-Center Clutch and Power 
Take-Offs 
Vertical or Horizontal Magnetos 
Flexible Coupling for Truck-Type 
Flywheel 
Radio Shielding and Ignitors 
Heavy-Duty Oil Bath Air Cleaner 
Safety Switches (Low Oil Pressure, 
High Water Temperature) 
Corrosion and Fungus Resistant 
Electrical System 
Mechanical and Velocity Governor 
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Looking for better performance from your self- 
powered equipment? Perhaps the answer lies 
in your industrial engine. Chrysler can help 
you. Chrysler gives you a wide choice of engines 
in both power-packed in-line 6’s and over- 
square, short-stroke V-8 models. With both 
series Chrysler offers a long list of accessories, 
permitting easy application of power to meet 
product requirements. 


In choosing Chrysler Engines or Power Units, 
you choose power that has a world wide repu- 
tation for outstanding performance. And— 
as manufacturers of virtually every type of 
self-powered equipment will attest—Chrysler 
Industrial Engines do not travel on their 
reputation alone. Each engine in the Chrysler 


Line is an honestly rated industrial engine— 
the product of good solid engineering and 
quality manufacture. 
Whether equipped for operation with gasoline, 
propane or natural gas, Chrysler Industrial 
Engines offer manufacturers definite advantages 
. performance, ease of maintenance, fast 
parts service, low initial and operating costs. 
For more information see a Chrysler Industrial 
Engine Dealer. (Chrysler Industrial Engine 
Dealers are listed in the yellow pages of your 
telephone directory under "Engines—Gaso- 
line.") If you prefer, write direct for full line 
catalog: 
Dept. 350, Industrial Engine Division, 
Chrysler Corporation, Trenton, Michigan. 


GENERAL SPECIFICATIONS / ALL MODELS 


аан ЖЫЙ. dM ind. 33 


Ewa] s [| $ ] 
Gasoline 


3% 


Inches 4% 4% 


Displacement —Cu. In. 
i 


Camshaft —Bearings + 
2/4" 


Type of Engine —4 Cycle 
Bore —Inches 


Stroke 





ICrankshaft —Bearing Diameter | 2/4" 


Lubrication —T ype 


Lubrication — Type Oil Pump 


Gen. Reg. —Full Voltage 


5 5 
Yes Yes 
14 mm 
6 Volt 6 Volt 
45 Amps 45 Amps 


Gen. Reg.—Full Voltage 
and Current Control 


^ 
л 
< ч 
2 o 


Carburetor — Type Down-Draft Down-Droft 


Weight —Approx. (Lbs.) 


Yes 


575 


HORSEPOWER 
Li Ии er 


WITH A PEDIGREE 


INDUSTRIAL ENGINE DIVISION • 


CHRYSLER CORPORATION « 


Ind. 52 Ind. 56A 


| 


Gasoline Gasoline 


rl 


4% 3% 


270 


3.62 
354 


Es R2 


ч 
w 


7.25 


Vee 


< 
^ 
ә 


c 
^ 


Gear Silent Chain 
4 


2/4 


Silent Choin 


t^ 
w 


2 
Silent Chain 


6 Volt 


2%” 2/4" 


Press. Press Press. 


Rotor Rotor 





< 
e U^ 
^ 
< 
a U 
- 


14 mm 14 mm 


6 Volt 6 Volt 


45 Amps 45 Amps. 





Yes Yes 


шишин шин нигин 


Specifications subject to change without notice. 


Down-Draft Down-Draft 


i ' 
a 
- 
^ 
- 


sler Industrial Engines 


TRENTON, MICHIGAN 
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CHRYSLER IN-LINE 6 ENGINES PERFORMANCE DATA 


Width 234," Height 344" 


Industrial 30 Base Engine Length 3274" Weight 575 Ibs. (approx.) 


RPM 1200 1600 1800 2000 2400 2800 3200 3600 
Dyna. BHP 43 57 64 70 81 | 90 96 99 
Cont. BHP 35 47 52 57 66 73 x 
Dyna. Torque 190 189 187 185 178 | 158 

(Pront Rad Chola Drive) Cont. Torque 154 153 152 150 144 | 2 
Spec. Fuel 543 538 536 534 544 600 


CHRYSLER 


Width 23's” Height 32774" 


Industrial 31 Base Engine Length 3174" Weight 610 Ibs. (approx.) 


RPM 1200 1600 1800 2000 2400 2800 3200 3600 
Dyna. BHP 43 57 64 70 81 90 96 
Cont. BHP 35 47 52 57 66 73 2i 
Dyna. Torque 190 189 187 185 178 158 
(Prom 604 Gear Prive) Cont. Torque 154 153 152 150 144 кз 
Spec. Fuel ‚543 538 536 534 544 600 


CHRYSLER 


Width 23%” Height 327%.” 


Industrial 32 Base Engine Length 3274" Weight 740 Ibs. (approx.) 


RPM 1200 1600 1800 
Dyna. BHP 51 67 75 
Cont. BHP 41 54 61 
Dyna. Torque 225 221 219 
бени Epe Chels, Driya} Cont. Torque 182 179 178 
Spec. Fuel 541 .538 540 


CHRYSLER 


Width 23%” Height 327%)” 


Industrial 33 Base Engine Length 33! 4" Weight 760 Ibs. (approx.) 


CHRYSLER 


RPM 

Dyna. BHP 

Cont. BHP 

Dyna. Torque 
(Front End Gear Drive) Cont. Torque 


Spec. Fuel 


CHRYSLER V-8 ENGINES PERFORMANCE DATA 


Width 3074" Height 3424" 


Industrial 52 Base Engine Length 29/4" Weight 712 Ibs. (approx.) 


RPM 1200 1600 1800 | 2000 | 2400 | 2800 | 3200 3600 | 4000 
Dyna. BHP 53 72 81 90 108 124 137 148 154 
Cont. BHP 43 58 65 73 88 101 
Dyna. Torque 224 230 234 237 234 226 214 

(von Sed Cho» gue) Cont. Torque 182 185 190 191 188 


Spec. Fuel .525 530 529 509 500 505 


CHRYSLER 


Width 28's” Height 347%,” 


Industrial 56A Base Engine Length 3124" Weight 845 Ibs. (approx.) 


RPM 
Dyna. BHP 
Cont. BHP 


CHRYSLER 


Dyna. Torque 
(Front End Chain Drive) Cont. Torque 


Spec. Fuel 


«= Chrysler Industrial Engines 


id 
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INJECTS IMPROVED PERFORMANCE 


HEADQUARTERS FOR 
INTO 2 


TIMING| wo. 
HAYDON TIMING MOTORS 


LIGHT DUTY, SLOW SPEED 


HAYDON 


AT TORRINGTON 


BASIC, STANDARD DUTY 
The 1600 Series is the basic motor 
of the HAYDON line. This motor 
offers dependable performance, 
small size, total enclosure, opera- 

in any position, controlled 


tion 

lubrication, simple assembly and a 
wide range of standard speeds 
from 60 to 1/60 rpm. Can be sup- 
plied to military specifications. 


HEAVY DUTY, SLOW SPEED 
The 3100 Series motor consists of 
the basic HAYDON motor and a 


heavy-duty gear train in a round 
housing. Designed for applications 


requiring higher torque at slow 


shaft speeds, this unit is particu- 
larly suitable for chart drive use in 


recording and control instruments. 
Standard speeds from 1 hour to 14 


days per revolution. 


400 CYCLE 


HYSTERESIS- TYPE 

The 6700 Series 400 cycle timing 
motor is an hysteresis type syn- 
chronous timing motor, essentially 
two phase. It is furnished with 


Í capacitor for self starting operation 

on single phase. Variations in tem- 
perature, voltage and heat do not 
affect timing, which is as accurate 


as the frequency control. 


HAYDON 


ROUND MOVEMENT 


CLOCK 


The 4400 Series offers very slow 


output shaft speeds from 6 hours to 
1 week for all normal duties. This 4@ 


motor is unique in providing the 
speed range available in such small 
space, with totally enclosed gear- 
ing, at comparatively low cost. 
Affords many possibilities for eco- 
nomical design without resort to 
the bulk and expense of external 
reduction gearing. 

4400 


D-C, REVERSIBLE 

The HAYDON 9200 Series D.C. 
motor for timing applications is 
designed for operation from 6 to 
30 volts. It can be supplied uncali- 


brated for use with external resist- 
ance or calibrated with resistance 


type leads. 
D-C, RF FILTER 

The 9250F Series D.C. motor pro- 
vides the more uniform torque and 
speed characteristics of a unit 
wound for 28 volts, and has an R F 
Interference filter. The current and 
power drain is lower and no cali- 


bration is required. 


ALL HAYDON TIMING 
MOTORS 


are totally enclosed and can be 
operated in any position. Write 
for free “Haydon Electric Timing 


Motors" catalog. 


RECTANGULAR 
MOVEMENT 


Features completely enclosed con- 


MOVEMENTS 


Compact round movement only 3" 
in diameter for use where space is 
at a premium, as in certain novelty, struction and easy installation. Back 
or bottom set, earlug or center 
mounting, choice of various arbor 


household and advertising clocks. 
groups and sizes. 
1802 
“HAYDON ELECTRIC CLOCK MOVEMENTS” CATALOG 


WRITE FOR FREE 
Product Design Digest Issue 





** Your product's performance depends on the performance of all 


its component parts. 


When product specifications call for TIMING MOTORS — TIMING DEVICES — or CLOCK MOVEMENTS 


adaptability to any operating position 


build in extra dependability by specifying HAYDON precision timing instruments. 


Both HAYDON standard and custom-designed units are properly engineered and buyer-approved for accuracy and dependability 


. long-life coupled with minimum maintenance 


. соггесі- 


ness of design vital to reducing installation costs . . . plus, meticulous mass-production methods, when volume is required, 


offering even greater savings. 


of operation . . 
The Haydon Manufacturing Company specializes in the design and mass production of custom-engineered timers for volume appli- 
cation. HAYDON Timers for clothes driers, milk pasteurizers, dishwashers, and defrosters illustrate a few examples of HAYDON 


custom-engineered and mass-produced units. 


[2 


400 CYCLE ELAPSED TIME 


INDICATOR 
The 7008 Series Elapsed Time Indi- 


cator is designed specifically for 
400 cycle operation in airborne 
equipment. Barrel diameter is 
1.525", length 2-45/64", weight 6 
oz. Power consumption is less than 
3 watts and it indicates in units of 


tens of hours up to 10,000 and 


repeats. 


ELAPSED TIME 
INDICATOR 
The 7010 Series Elapsed Time Indi 
cator makes available for the first 
time a fruly small, direct-reading 
running time indicator with a syn 
chronous drive. Supplied 
with a 1-1/2” diameter dust-tight 
case for 115 volt, 60 cycle opera 
in commercial applications. 


tion 
Originally developed for aircraft 
meets most critical require 


motor 


use; 
ments for performance. 


FIXED INTERVAL REPEAT 


CYCLE TIMERS 
The 5800 Series Timers offer 
extreme flexibility and adaptabil- 


ity for timing problems requiring 
continuous repeat cycling, or sin- 
gle cycle operation to be initiated 
by an external circuit. These 


HAYDON timers are built up by 
various combinations of motors with 


adjustable, blank or specially 
designed cams operating a series of 
precision snap switches, 


There is a factory-trained HAYDON Field Engineer in your area 
— a timing specialist with the answers to your timing questions. 


INDICATORS 
The 5700 Series Elapsed Time Indi- 


cators provide simple, compact and 
accurate metering of elapsed time 
for 60 cycle operation. They are 
designed for use as inexpensive 
components for equipment requir- 
ing register of total operating or 
job time, or with existing machinery 


HAYDON' TIMING DEVICES 
60 CYCLE ELAPSED TIME 


and devices, 


RESETTABLE TIME 


DELAY RELAYS 

The 5900 Series Time Delay Relays 
provide time delay or interval tim- 
ing in various ranges up to 10 min- 
utes for such applications as the 
protection of power tubes, or tim- 
ing portions of a complete cycle of 


operation. 


HEAVY-DUTY 
INTERVAL TIMER 

The 8006 Series is a rugged, heavy- 
duty interval timer for general 
commercial, industrial and appli- 
ance applications. Construction is 
the simplest possible, for low cost 
and long life, consisting basically 
of a standard HAYDON synchron- 
ous motor driving through external 
reduction gearing a notched cam 
to operate a heavy switch, with a 


friction to permit setting. 


Write for Free “Haydon Electric Timing Devices” Catalog 


Write us today for his name and location. 


8006 


? 


n 


Li 


ро 
» E: * 


HAYDON Manvfacturing Co., Inc. 


Subsidiary of General Time Corp. 
300 ELM STREET, TORRINGTON, CONN. 
*Trademark Reg. U.S. Pat. Off. 


Y P 1 
ES чч 

AT TORRINGTON 

HEADQUARTERS FOR 


TIMING 
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THE SUTCO 


MINT-LAP* 


A completely new concept of 
permanent, split-capacitor motor Æ Patent Pending 
design... sets new standards 
for minimum motor cost... 
plus higher efficiency 
Type 6C — up to %4 H.P. 
1050 R. P. M. 


4-Pole Type 4D — up to 1/8 H.P. 1,550 R. P. M 


WRITE TO: SUTCO, ORIGINAL EQUIPMENT DIVISION 





MOTORS 


A FAMILY OF SHADED-POLE MOTORS-— 
BUILT TO YOUR EXACT SPECIFICATIONS 


Sutco provides you with a completely new design in shaded-pole motors for quieter 
operation and lower cost. Adaptable for automation, Sutco Standard Shaded-Pole 


Motors are available in the following ratings: 


e 2-POLE — UP TO 1/60 H. P. © 4-POLE—UP TO 1/8 H. P. © 6-POLE—UP TO 14 H. P. 5 


1 6-Pole — Type 6D — 1050 R. P. M. using same frame as Mini-Lap Motor 


All Sutco Mini-Lap and larger Shaded-Pole Motors provide positive lubrication to 
rigid-type babbit bearings. Highest quality insulation impregnated for moisture 
resistance to assure reliable performance under unfavorable conditions. 

Whatever your requirements in shaded-pole or permanent, split-capacitor, fractional 
horsepower motors — Sutco can meet them. Refer your motor requirements to 


our staff of competent sales and product engineers for the most economical 


recommendations for your applications. 


4-Pole Type 4€ — up to 1/25 H.P. 1,550 R. P.M 2-Pole Type 2A — up to 1/60 H. P. 2,500 to 3,200 R. P. M 


UTC THE O. A. SUTTON CORPORATION, INC., WICHITA, KANSAS 


ORIGINAL EQUIPMENT 


AN 
WZ 





industrial engines... 
rugged, 
low-cost power 
® from Willys’ 

| / KEYPOINT 
engineering 


SPECIFICATIONS 


Note high power of these tough 4-cylinder engines. Use 
them to keep costs down . . . your product dependability 
up! 

‘Jeep’ L ‘Jeep’ F 
Cylinders 4 4 
Head L F 
Bore & Stroke 3% х 4% 3% x 4% 


Displacement 
Cu. in. 134.2 134.2 


Range Max. 
BHP 22-60 22-15 


Range Speed 1200-4000 1200-4000 


POWER UNITS 


Here is a complete, attractive package that houses either of 
the two ‘Jeep’ 4-cylinder engines. Easily accessible with 
hinged top section and removable side panels. Includes rad 
lator, gas tank, power take-off, governor, engine complete 
and ready to operate on delivery. Other proven ‘Jeep’ 


accessories are available 


WILLYS MOTORS, INC. 


Keypoint engineering adds extra life to parts 
that wear first on ordinary engines. The result: ‘Jeep’ 
engines have established a world-wide reputation for long 
maintenance-free life. Here are a few of the "Keypoint 


engineered 'Jeep' feature: 


Positive Valve Rotators cut carbon hazards 
add years to life of hard-faced, chrome alloy steel valves 


Positive Crankcase Ventilation :tops ac 
cumulation of sludge and moisture by automatically pro 
portioning flow of filtered air to engine speed 


Forged Crankshaft guarantees a long life of 
mooth operation. It is dynamically and statically balanced 


and counterweighted 


Full Hard-chrome plated top com- 
pression rings increase engine life. Lightweight 
pistons are tin-coated aluminum alloy. Heat is evenly dissi 
pated by means of T-slots and heat dams 


LP Gas conversions under full guarantee. Engineering ser 
vices available. Parts distribution world-wide 


Industrial Engine Department 
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When "standard" won't do, call ESCO. For over 
46 years, ESCO design engineers have met the 
most exacting requirements for over 18,000 dif- 
ferent designs. Every unit specially engineered 
to individual requirements — Mechanical and 


m? 3 ‹ V 


Vay 


i кә 


Мьа й 
CONVERTORS 


(to 20 KW) 
Phase Convertors 


MOTORS 


(to 30 H.P.) 
Alternating Current 
Squirrel Cage Induction 
Wound Rotor Induction 
Synchronous 

Single Phase 

Polyphase 

Standard Frequencies 
High Frequencies 


Frequency Convertors 


Q 


Direct Curren? 
Series 

Shunt 

Compound 

High Voltage 
Standard Voltage 
Low Voltage 

Special Applications 
Torque Motors 

Brake Motors 


DYNAMOTORS 


DC to AC 
DC to DC 


ESCO 


individually 
designed 


fractional and 
integral horsepower 


motors and 
generators 


electrical specifications to order (see below)... 
Base, face or flange mounting for any operat- 
ing position . . . Lubricated-for-life bearings . . . 
Every unit dynamically balanced . . . Every unit 
tested under specified load conditions. 


GENERATOR SETS 


(to 20 KW) 

High Frequency (to 30,000 cy) 
400 Cycle 

Frequency Changers 
Phase Convertors 

Low Voltage DC 

High Voltage DC (5000 V) 
DC to DC; AC to AC 

AC to DC; DC to AC 

High to Low Frequency 
Low to High Frequency 
Telephone Ringing 

Moving Picture 


GENERATORS 


(to 20 KW) 
Alternating Current 
Single Phase 
Polyphase 

Standard Frequency 
High Frequency 
Inductor Alternators 
Permanent Magnet 
Direct Current 

Low Voltage 

Plating 

High Voltage 


DESIGN FACTORS: Every special need is prompted by requirements which 
cannot be met by standard units. As a check list for yourself and to assist our 
engineers in answering your inquiries, please include details of any critical 


requirements listed below: 


ELECTRICAL CHARACTERISTICS 
MOTORS — Horsepower * 
Voltage * 


Torque * Speed * 
Power Supply Frequency & Phase (AC) 


GENERATORS — Voltage limits or adjustable range * 
Number of phases (AC) * Load 
Type of Driving Motor * 


adjustable range (AC) * Watts or KW output * 
Power Factor (AC) * Speed * 


MECHANICAL CHARACTERISTICS: Where critical, please 


Duty Cycle * 


Power Supply 
Frequency limits or 


Excitation 
indicate size, weight and 


mounting limitations; shaft lengths, keyways or splines, etc.; material; insula- 
tion; finish; environmental conditions or other special requirements. 


Write today for free catalog 56 PD . . 
motor or generator you need! 
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. we may already have the particular 


ELECTRIC Ë SPECIALTY 


SOUTH STREET STAMFORD, CONN. 





1o help YOU CUT PrOQUCIION CO5... 


NEW General Electric 





D-c Power Source 





KINAMATIC — ~~ anew 


standard in direct-current generators 
and motor-generator sets—designed 
to give you higher output at less cost. 


As a progressive manufacturer, you 
the problem of boosting factory 
beating rising production costs 
production process 
tough duty 
matching, 
the perform: 
help 
reduce 
new sources 
voltage d-c wer a 
General Electric d-c Kinam 
and m-g sets, ?,-100 KW 


More Power Per Dollar—D-c 
generators pack more power 
size than any previously desi 
generator. Nine new kilowatt ra 
closely 


C f y 


rator 
G-E Apparatu ; ill 1 
Or, if you prefer, we will send you copies of 
GEA-6461 nd EA-6355 Direct Current 
Motor and Generator Department, General 
Electric Company, Erie, Pennsylvania. 81 


* Trade mark of General Electric Company 


Progress /s Our Most Important Product 


GENERAL Ge ELECTRIC 





An incremental synchro positioner Type 9 motor-driven induction Equipment to indicate phase angle 
before wiring to header and her- generator driving two Type 11C'T difference between two like fre 
metic sealing. The synchro rotor synchros through gear train having quency signals received over radio 
is stepped in one or fifteen degree ratio of 1500:1. Slip clutch permits links. One chassis is a 400-cycie 
increments clockwise or counter one control transformer to operate oscillator supply for two indicators, 
clockwise depending upon which when second control transformer other chassis combines impedance 
of four coils is momentarily ener has shaft restrained by stops. Cams matching and a servo ampli 
gized by a d-c pulse. 'The synchro close two switches during specified fier for one indicator. Complete 
can be rotated any number of degrees of synchro rotation. system includes an oscillator, two 
degrees or revolutions. Cylindrical indicators, and two amplifiers 
member next to the synchro re 

sets it to electrical zero if a pulse 

is applied to ''reset" circuit 


«With but one solution 


Typical of all Transicoil solutions are the three illustrated 

co ntrol here. They *''do the job right" because each is designed for a 
single application...by a company whose major function is 
to provide complete servo assemblies precisely engineered and 
manufactured to solve individual servo control problems. 

p ro b І ems Of course, if you want servo components, you'll find Transicoil's 
control motors, motor-gear train combinations, motor-gear 
train-generator combinations, and servo amplifiers built to 

like the highest order of precision and accuracy. But it is in the 
"package" engineering of unique assemblies that Transicoil’s 
experience and creative imagination offer the greatest value. 
And in most cases, these assemblies cost no more than the indi- 

you Lab vidual components would purchased separately. That's why it 
pays to check vour servo control problems out with Transicoil 
first. For further information, call your nearest Transicoil 
representative. 


thinking of automation ? 


If you have a problem in basis, Transicoil may 
the field sometimes re solve it for you. You will 


ferred to as automation, be under no obligation М g a п s i C O ғ | 
and have not worked on and you'll pay only for 
it before because you just M on a — ем 
: asis for equipment de- 
haven’t had the time, and E p c o R P о R A T O N 
livered and performing 
properly Transicoil is a 
would only handle it on a manufacturer—not a 
"research and develop- research and develop- 
ment’’ boondoggling ment organization! 


outside organizations 
Worcester eMontgomery County e Pennsylvania 


ENGINEERING SALES REPRESENTATIVES 


ATLANTA 9, GEORGIA: Murphy and Coto, 2110 Peachtree Road, N.W., Elgin 3020— 1-5330, (Jim Forristal)—Bronch Office: 8147 Delmor Blvd., ST. LOUIS 24, MO., PArkview 
Branch Offices: 2 6 Norton Rood, CHARLOTTE, N. C., EDison 2.7356 e 11375 S.W 5.7701 (Logan Young) + LOS ANGELES 16, CALIF.: E. V. Roberts & Associates, Inc 
46th Street, MIAMI 43, FLORIDA, MOhowk 5-1563 « 35 Burke St., WINSTON-SALEM, Ernie Roberts), 5068 Washington Blvd., Webster 3-5731—8Bronch Offices: 61 Renato 
N. CAROLINA, Phone: 40 ) BUFFALO 7, NEW YORK: The Robert F. Lamb Co Court, REDWOOD CITY, CALIF. and 909 North First St, PHOENIX, ARIZONA • 
1807 Elmwood Ave., Bedford 3757 CHICAGO 45, ILLINOIS: Henry D. Sarkis, 5808 N MINNEAPOLIS 3, MINNESOTA: Bill Baortleson, Suite 502, 33 k Grove, FEderal 
Western Ave. Ardmore 1-3774 CLEVELAND 28, OHIO: J. R. Dannemiller Associates 3-6709 • NEWTONVILLE, MASS.: Eltron Engineering Sales, Inc. (Eugene L. Burroughs), 
J. R. Dannemiller 9 Lee Road, Longacre 1-4567—8Branch Offices: 384 West First St 246 Walnut St, Decatur 2-5639 « NEW YORK 13, NEW YORK: Jack Eisenmann, 
DAYTON 2, OHIO, Hemlock 0662 (Kenneth Gregersen, Mgr.) ond 2980 West Davison 107 Grand St, Worth 2-2347 e SAN CARLOS, CALIF.: Dovid H. Ross Company, 
Ave., DETROIT 38, MICH., Townsend 9-3141 (Harry B. Newman, Mgr.) + DALLAS, TEX 534 El Camino Reol, Lyte/] 3.8224 e SEATTLE 22, WASHINGTON: Samuel N. Stroum 
Allied Components, In J. Robert Nat Petroleum Service Bldg., 3918 Hines Blvd Company, 1612 Broodway—Fronklin 7515 @ SYRACUSE 2, NEW YORK: J. F. Wulfe- 
JU-4943 * KANSAS CITY, MO.: Forristal Young Sales Co., 4057 Broadway, VAlentine tange, Jr., State Tower Building, Syrocuse 3-8013 
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ELECTRONIC 
SELECT-A- SPEDE 


then it will pay you to 


llis for the best solution 


And here are the drives tbat 


the job for you: 

A justo-Spede' Drives. 1 to 75 
no axe to grind. "onstant torque with up to 10 
roper drive for 1 uou 1S speed ranges availal 

) make them all. Infinitely adjustabl le eddy 


look = Louis А 


There are sever al reas sons why it pays 
to come to us with y our adjustabl e- 
speed drive pr oblems. 
First of all, we have 
We can recommen nd the 
your needs because we 
There's no comp! -omisin£g. 
condly, when you turn your Pp! "oblem S 
over to us, We tackle the whole job 8:1 co an 
assume the e! ntirer -esponsibility. wit! е 
And finally, we have mor e than just = рева € 
x: ffer rait ny enclosu: e. 
drives to 0! EN ws we have engineer- 
ing and man uring experience. ‘lectronic ans Static Select-A- 
We've a те” solved a lot of drive Spede. 93 to 15 HP DC adjustable 
problems. [ s why we can pass you spee ive motor Wi th speed ranges 
what you need, г r up 10 and regulation to l/c 
machine you! have. See your Louis Allis fi sid engineer 
or write and tell us a5 out | your prob- 
's no obligati 


[here = 


Write for lotest in- 
formative literature 
describing the above 
drives, or contact 


your nearby Lovis ù 
Allis Sales Office P^ te 

€ >< 

- 


THE LOUIS ALLIS CO. 


А50-102 
MILWAUKEE 7, WISCONSIN 


р а 
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Performance through Precision 


fans - motors - blowers 
Adaptability through Variety 


c» ws 


С 2364-1 F 1321-200 А 1580-11 
Voltoge 115v Voltoge 115v Voltage 115v 
Frequency 400 cps Frequency 60 cps Frequency 60 cps 


Phase Single Phase Single Phase Single - h d 
Air Delivery 12 CFM Q 0” SP. Air Delivery 360 CFM @ 0” S.P. Air Delivery 70 CFM @ 0” S.P. years a ea 


ne engineering... 


Р N е; = Air Marine Motors 
РУ м. equipment features 
4 P M stainless steel 
id thru-bolts . . . die-cast 


aluminum housings... 


i tators... 
B 1324-1 M 06C-1 B 10CF-3 riveted stators 
Voltage 115v Voltage 115V Voltage 208 V positive bearing 


C- Шш os Cei alignment . . . uniform 

Air Delivery 125 CFM @ 0” S.P. Speed 11,000 RPM Speed 5600 RPM air gap... ball 
bearings . . . shock and 
vibration resistance... 
humidity and fungus 
resistance... 
omni-position 
mountings... 
temperature 
lubrication. 


А 15НЕ.5 А 11А-4 C-2241-2 
Voltage 115v Voltage 115V Voltage 115V 
Frequency 60 cps Frequency 400 cps Frequency 400 cps 


Phose Single Phase Single Phase Single AIR MARINE MOTORS equipment 


Speed 3600 RPM Air 250 CFM (Q9 0'' S.P. NAFM Air 140 CFM @ 0'' S.P. NAFM 
Hysterisis Synchronous Delivery 120 CFM (9 ,5'' S.P. NAFM Delivery 48 СЕМ (Q9 .6'' S.P. NAFM will meet virtually all your 


sub-fractional power requirements 


and AN specifications. 
Write for specific information and brochure about any 


of these units, or for the complete catalog . . . and use 
the Air Marine advisory services without obligation. 


+ * * 
air- marine motors, inc. 


369 Bayview Avenue, Amityville, L. 1., N. Y. èe AMityville 4-3700 
West Coast Factory: 2055 Pontius Avenue, Los Angeles 25, Calif. 
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ENGINE SERIES 


Bosic Model 


220 DIESEL 


134 FOUR 


172 FOUR 


223 SIX 








Type 
Bore and Stroke—Inches 








Displacement— Cubic Inches 











Brake 








Horsepower Continuous 


Dynamometer 











Continuous 


Compression Ratio 





And, Ford Industrial Power is RIGHT 


For your particular application, 

there's a choice of six rugged 
power plants . . . ranging from 134 to 
332 cu. in. displacement. These are 
available either as engine assemblies 
or complete power units in either open 
or closed types (skid- or foot-mounted 
with a number of special accessories 
to serve special needs 


Ford Industrial Engines offer the 

most advanced and proven bene- 
fits derived from the continual research 
and matchléss facilities of Ford's huge 
engineering staff. For this reason, 
you're always right up-to-date when 
you specify Ford Heavy Duty Power 
for your job—either as original equip- 
ment or for replacement. 


'The network of Industrial Engine 

Dealers covers the nation! That's 
a distinct advantage to you as a user 
of industrial power because it means 
there is a Ford Industrial Head 
quarters near you with the facilities 
needed to properly apply Ford Power 
[he net result is the right 
installation for your job. 


engine 


o A decided advantage to the user 

of Ford Industrial Engines on 
any job is the fact that parts and 
components are readily available to 
provide more flexibility of operation. 
This includes major assemblies such 
as axles, 3-, 4- and 5-speed transmis- 
sions, driveshafts, brakes, springs, 
wheels, hubs, drums, etc. 


in all these ways: 


Users need never carry large 

stocks of replacement parts be- 
cause Ford Industrial Engine service 
is everywhere. The more commonly 
purchased parts may be obtained 
quickly and economically from your 
nearest Ford Dealer or from many 
independent shops—wherever the 
Genuine Ford Parts sign is displayed. 


AND POWER TS 


INDUSTRIAL ENGINE DEPARTMENT 


FORD Division of FORD MOTOR COMPANY 
P.O. Box 598, Dearborn, Michigan 


Product Engineering — Mid-October, 1956 





BODINE 


mm MOTORS 
` the power behind the leading products 


BODINE Electric Company has earned an 
enviable reputation throughout industry as 
designer and manufacturer of high-quality fractional 
horsepower motors. Over a half-century’s 
experience has given us the know-how to provide you 
with motors best suited to your particular 
application. Bodine motors are used on many of the 
nation’s leading products. Experienced application 
engineers are always at your disposal to help solve your 


motor application problems. 


CHECK THESE OUTSTANDING FEATURES 


TYPE N MOTOR 


Available in three basic sizes. 
Smallest motor is 3%” in diameter, 
largest is 52”. Almost any type of 
winding. Standard ratings from 
1/150 to 1/6 hp at 1725 rpm 
Used on such devices as blowers, 
pumps, coin-handling equipment, 
communication equipment, 
therapeutic devices, sound-recording 
and reproducing equipment, and 
machine tools 


WITH SPEED REDUCER 


WITHOUT SPEED REDUCER 


TYPE K-2 MOTOR 


Without speed reducer: Normal 
60-cycle output ranges from 
1/2000 hp to 1/500 hp on 
continuous duty. With speed reduc 
Drive-shaft speeds ranging from 
300 rpm to | rpm and with torque 
ratings of 1.3 in. oz to 110 in oz, 
respectively. The Type K-2 motor 
(which is 234" high) is especially 
odapted to use on instruments and 
timing devices 


* Motors engineered to your 
product. 


è Brood line of motors to 
select from—over 3500 
standard specifications from 
1/2000 to. 1/6 hp. 

Quiet operation, reliable, 
trouble-free, precision- 
mode. 

Whether a.c. or d.c. the 


frame is the same size— 
same mounting dimensions 


e Compact, dependable 

power in smallest possible 
space—a standard frame 
for each horsepower rating. 
Wide range of gear ratios 
available with each type 
ond size of motor—more 
reducers within eur range 
than any other manufac- 
turer's. 
Built to rigid standards... 
highgrade craftsmanship... 
quality materials . . . attrac- 
tive appearance. 


TYPE U MOTOR 


Available in 1/20 and 1/15 hp, 
at 1725 rpm, and 1/30 hp, at 
1125 rpm. Diameter 4%” 
Split-phase construction. Resilient 


mounting for quiet operation 


write today for X Thermal overload protection. For 
complete information use in office machines, automatic 


phonographs, circulating pumps, 
air-conditioning equipment 
Available only in standard 
construction and on quantity orders 


Attractively priced 


BODINE ELECTRIC COMPANY 
Dept. E, 2260 West Ohio Street, Chicago 12, Illinois 
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TYPE VCF-12 MOTOR 


Normally supplied with series 
windings having variable-speed 
characteristics and nominal speed 
of 5000 rpm. Compact (2'%” high), 
generous power, lightweight, small 
enclosure. Operates such devices as 
adding machines, calculating 
machines, check protectors and 


motion-picture projectors. Available 
only on quantity orders. 


TYPE K-4 MOTOR 


Ratings 1/60 to 1/20 hp. Speeds 
1725 or 3450 rpm. Height and 


width of 2%”. Capacitor or split 
phase construction. Constant speed, 
quiet operation, no radio inter- 
ference, light weight and 5 mounting 
arrangements make it ideal for 
office machines, movie projectors, 
automatic phonographs, etc. 
Available only on quontity orders. 


SERIES WOUND 
MOTOR PARTS 


SET includes: Field core and coil 
ossembly, armature, brushes and 
associated ports, and fan. 

SIZE: Diameters to 3%”. Wound to 
order for all fractional horsepower 
ratings. APPLICATION: Portable 
power tools and appliances. 


Available only on quantity orders. 


1 
m 


SPEED REDYCER MOTORS 
t 


GROUP 1 


GROUP 4 
Designed to transmit low torques. Double worm-gear reducer for 
Height, 3%”. transmitting high torques at low 
speeds. Height, 6%”. 
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GROUP 2 


GROUP 7 
Designed to deliver moderate 


torques. Height, 4%”. 


H4 
оміаузл зні амінзе ызмоа 3 


Rugged reducer for driving heavy 
loads continuously. Ample reserve 
for overloads. Height, 7 "4" 

Eight different windings. 


DISTRICT AGENTS 


BUFFALO 21 

S. E. Shea, 5469 Main St 
CAMBRIDGE 39 

F. L. Olson, 686 Massachusetts Ave 
CLEVELAND 3 


W. R. Uffelman, Rm. 216, 4500 Euclid Ave 
DALLAS 6 


General Power Equipment Co., 5623 Dyer St 
DETROIT 27 
C. D. Miller, 14511 Puritan Ave 
KANSAS CITY 6 
T. Pellmounter, 903 McGee Street 
LOS ANGELES 13 
H. M. Hall, 406 So. Main Street 
MINNEAPOLIS 4 
A. C. Jacobson, 338 East Fronklin Ave 
NEW YORK 36 


H. C. Mayorga, Rm. 1437, 55 West 42nd Street 
ROCHESTER 14 
A. F. Zissler, Reynolds Arcade Bldg 
SAN FRANCISCO 3 
J. F. Cady, 1485 Bayshore Blvd 
SYRACUSE 2 
H. H. Cardozo, 218 W. Harrison Street 
CANADA 


Montreal-Head Office 
Renold Chains Canada, Ltd 


GROUP 3 


Single-reduction, worm-gear 
reducer, designed for transmitting 
moderate torques. Height, 474". 
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the ELINCO 


as smooth 
and precise 


asa DIAMOND can make it 
sub-fractional COMMUTATOR MOTOR 


The precise, diamond finishing operation on the commu- 
tators of Elinco Motors is just one example of the exacting 
care that goes into every step in the design and manufac- 
ture of Elinco Commutator Motors. For:years, Elinco has 
been an outstanding producer of instrument-type motors 
and generators, designed and built to meet exacting 
specifications. This specialized experience, plus highest 
standards of workmanship and quality, are your best 
assurance that Elinco can meet your precise requirements 
for sub-fractional hp commutator motors of every type. 


ELINCO COMMUTATOR MOTOR FEATURES — For smooth, 
quiet operation, high electrical efficiency, long life, and 
dependable accuracy. 

Diamond turned and finished commutators 

Bearing bores to 0.0001" 

All components precisely sized and fitted 

Close concentricity of bearings and laminations 

Individual dynamic balancing 

10096 tested under all operating conditions 


GENERAL SPECIFICATIONS With or without governor control 


VOLTAGES 6 to 230 volts. SPEEDS — 1,200 to 15,000 rpm. 
MOUNTINGS by face, flange or base, FINISHES to individual 
specifications, HORSEPOWER 1/1000 to 1/6, TYPES — shunt, 
series, universal, permanent magnet, separately excited, etc. 
BEARINGS double shielded ball, permanently lubricated. 
SPECIAL TREATMENTS humidity, altitude, fungus, shock, vibration, 
high temperature, special materials. 

Every Elinco motor is a precision instrument, manu- 
factured to meet highest performance standards. Put our 
specialized design, engineering and manufacturing 
facilities at your disposal. Send us your specifications 
and let us select a motor to meet your requirements, 

or let us design and build one. 


OTHER ELINCO PRECISION BUILT PRODUCTS 
for instrument applications include: 


AC Motors * Self-synchronous Units * AC and DC 
Tachometer Generators, * Non Standard Units for unique 
requirements. 


Send for catalogs. 


C INDICATOR COMPANY, INC. 


p Avenue 


$ 


Springdale, Connecticut 


Catalogs 


an 
Bulletins 


To obtain copies of literature 
described below, circle corre- 
sponding number on coupon 


at end of this section. 


(T-1) D-c Morors—Bulletin GEA- 
6355, 12 pp, describes 1 to 150 hp 
motors built to NEMA standards. Gen- 
eral Electric Co., Schenectady 5, N. ¥ 
T-2) FHP Motors — Catalog RB 
100, 12 pp, contains information on 
electric motors, blowers and special 
products. Redmound Co., Inc., Owosso, 
Mich 


Т-3) MANUAL MOTOR STARTERS 
Bulletin GEA-6358, 8 pp, gives appli- 
cation information on starters for fhp 
and integral horsepower motors to 71/2 
hp. General Electric Co., Schenectady 


NP Y. 


T-4) CONSTANT-TORQUE SPRING 
Morors—Bulletin 310 Mb, 25 pp, 
discusses general principles, physical 
and operational characteristics, typical 
applications and application limitations 
of this mechanical motor. Design pro 
cedure and formulas are explained 
Hunter Spring Co., Lansdale, Pa 
T-5) REVERSING MOTORS— Bulletin 
1800, 4 pp, has cutaway view showing 
the construction of a blower-cooled, 
rapid-reversing motor capable of more 
than 200 idle 


I ngincering information given Consists 


reversals per minute 
of formulas on inertia and motor re 
Allis Co., 


versal calculations Louis 


Milwaukee 7, Wis 


DIFFERENTIAI 
LVDT- 
dimensional 


T-6) VARIABLI 
TRANSFORMERS 
100A, 2 рр, 


drawings, test circuit diagram, a graph 


Bulletin 
includes 


showing displacement of core from 
null point vs. output and frequency 
range, d-c resistance, impedance and 
340 W. Huron 


weight. Gudeman Co., 
St., Chicago 10, Ill 
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help you design top performance 


DRIP PROOF—1/20 to 3/4 H.P. 


E 
A.C., Single or Polyphase to you product 
Send for Bulletin 1-iP1 in r eee 


RIGID BASE, OPEN TYPE, PROTECTED CUSHION BASE, OPEN TYPS, TOTALLY ENCLOSED FAN COOLED 
1 to 400 H.P.—A.C., Single or Polyphase PROTECTED—1/20 to 5 H.P. 1 to 100 H.P., A.C., Single or Polyphase 
May be used in place of splash proof... A.C., Single or Polyphase Send for Bulletin 6-1P1 
screens available for rodent protection. Send for Bulletin 6-1P1 
Send for Bulletin 6-1P1 


FLANGE BRACKET (NEMA “D") FACE TYPE BRACKET (NEMA "C") EXPLOSION PROOF MOTORS 
Round, short frame—for horizontal With feet for motor-mounted equipment 2 to 100 H.P. 


or vertical operation Send for Bulletin 6-1P1 UL approval Class I, "C" and "D" 
Send for Bulletin 6-1P1 Class II, "E," "F" and "G" 


Send for Bulletin 6-1P45 


They're Performance-Rated® to guide you in selecting precisely the 
right motor size, speed, torque, mounting and frame characteristics for 


each specific application. Call or write your nearby Century District 
Sales Office or Authorized Distributor. 


M nde" pe Mail this coupon for FREE bulletins 


SELECTIVE SPEED DRIVES 


Operate um е of auto- CENTURY ELECTRIC COMPANY 


matic, stepless speed control; respond to 
wide variety of remote control devices. 


1806 Pine St., St. Louis 3, Mo. * Offices ond Stock Points in Principal Cities 


To CENTURY ELECTRIC COMPANY, 1806 Pine Street, St. Lovis 3, Mo. 


Please send me the following bulletins: 


(fill in numbers here) 


Nome 
GEAR MOTORS—1 to 125 H.P. (parallel) 


4 to 3 H.P. (right angle or parallel) Company 
A.C. or D.C., Speed to fit your need. 
Send for Bulletin Address 


City 
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EVOLUTION of 


REDESIGNED for vertica 
R. T. LUELOFI 


Products ( orp.) to provide 


'nabled 


ё 
$ 


engine, designed to 


off 


engine, 


specif 


Я 
il 


reneral 


of die« 


shafts for g 


pur 


i 


s 


made use 
Also, engine incorporated 
feed carburetor, multiple 


tilting) 


Rewind Starter — 


S 


y80* Covnterweight 
ud 


FLYWHEEL 


was formerly 


on powerhead of latest model 


pressed steel and now is alumi 


of flvball 
from crankshaft to flywheel means fewer parts 


num casting. Changeover governor 


and affords greater accessibility. Spring-loaded 
flyweights hinged on flywheel forc« 
loaded 

through 
butter-fly 


copper lines in 1952; 


up spring 


ring when engine is accelerated ; 


linkage, 
۷ alv е. 


carburetor 


re plac ed 


ring controls 


Neoprene tubing Cast iron Cylinder Liner 


rewind starter was added 


same year. Engine operates mixed fuel 


H44 


on pre 


mower market which opened 


ist aluminum in 


а balan € d 


| power take off, 2-cycle shown above 
and R. G. KRUEGER 


for the rotary ty pe 


engine 
(founders of 


Power 


a practical engine lawn 


ip in 1949, Customer was given functiona 
Previous models had horizontal take 
his like 
crankcase, 


flyball 


filter (t 


ation 


pose applications model, earliest 


cylinder and piston 
crankshaft, flog 


dry 


governor, 


reeds, and a type 


Mechanica/ 
Governor 
T 


Full Float 
` Carburetor 


\ 


\ 


Aluminum Mesh Filter 


7&8 " Crankshaft 


Product Design Digest Issue 





- Crankcase 


Connecting rod Crankshaft 


Control Dial 


EXTENSIVE USE of die-cast alumin- 


horsepower per pound. Power was in- 
creased by enlarging bore from original 
1% in. to present 2 in., stroke remain- 
ing 1% in. Cast aluminum shroud 
first added to aid cooling has been ex- 
tended to embody tank, rewind starter 
and cylinder for streamlined look. Start, 
choke, idle and stop are all controlled 
by single 4-position dial. 
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Complete motors or matched motor parts— 
either standard or custom-designed. In either 
case R & M engineers help you select the 
right motor for your job. 


Helping You Get the Right FHP Motor 
Is Important Business—at R&M 


HE MOST important single factor in 
assuring dependable motor perform- 
ance is to get the right motor for the job! 


The motor must be matched to your prod- 
uct’s requirements. If it is, you can install 
the motor and forget it. If it is not, you'll 
hear—unfavorably—from your customer. 
That's why R & M engineers make such an 
issue of getting the right motor for your 
product. 

R & M offers a wide variety of fractional- 
horsepower motors and matched motor 
parts, But you may have special require- 
ments that a standard motor won't meet. 
If so, we'd rather design a special motor to 
meet these requirements than see you get 
an “off-the-shelf” compromise. 

We Custom-Design— 


Economically 


Ordinarily, custom-designing is a slow, ex- 
pensive process, Here at R & M things are 
different. We have designed the unique 
R & M "Electrical Slide Rule." This is a 
motor-performance computer that, in a 
matter of minutes, gives the designer the 
answers to a complicated set of formulas 
that usually takes days—even weeks—to 
work out. Naturally it's to your benefit as 
well as ours to offer this service. 

Our small motors have a gratifyingly low 
failure rate. We do some special things to 
assure this—diamond-turned commutators, 
special varnish impregnation, glass insula- 
tion where temperatures require, and so on. 


Many Satisfied Users 


R & M's satisfied customer list includes 
such well-known names as Skil, Buckeye, 
Kiekhaefer Corp., and Monarch Machine 
Tool. For IBM typewriters we designed a 
motor that had to meet a *'can't-be-done" 
situation. It had to have lots of torque and 
power, run cool and silent, and occupy a 
minimum of cramped space. As a result of 
the satisfaction with R & M's design in the 
typewriter, IBM now uses 19 R & M motors 
in its electronic computer, 

In its high-speed grinder, Skil needed a 
motor that would provide plenty of power 
over long periods without overheating and 
give long service. Skil continues to use 
R & M motors—in drills, hedge-trimmers, 
saws, sanders, and many other products. 


Get Complete Information —Free 


R & M motors meet tough requirements in a 
wide variety of products, from office appliances 
to machine tools. We feel well qualified to help 
you. It won't cost anything to find out. Out- 
line your requirements— we'll work with you— 
in confidence, of course. Drop us a line, or call 
the nearest R. & M office. 


Features of R & M Motors 


standard or special heat- 
resistant glass insulation 


special varnish 
impregnation 


dynamically 
balanced 


armatures a 
diamond-turned 


commutators 


Get These Bulletins 


Write for those you'd like to have: 
C] Motor Parts for 
Portable Tools 


C Universal Motors 
[] Capacitor Motors 
(0 Polyphase Motors 


[] R & M All-Weather 
Motors —up to 
200 Horsepower 


"All-Weather" is an R&M trademark 


ROBEINS £ MYERS, e. 


MOTOR DIVISION: SPRINGFIELD, OHIO * BRANTFORD, ONTARIO 


VO ۾‎ Ee 


Fractional and Household Hoists and Large and Small 
Integral HP motors Fans Cranes Moyno Pumps 
from 1/200 to 200 HP 


Propellair Industrial 
Ventilating Equipment 





ZIA 5118 гс IMPERIAL =1100 


UNIVERSAL 
AND D.C. a 
MOTORS 


1/45 to 1/30 Н.Р. 1/40 to 1/12 Н.Р 1/75 to 1/20 H.P. 1/15 to 1/8 Н.Р, 1/40 to 1/20 H.P. 1/16 to 1/8 H.P. 


THE MOST COMPLETE LINE OF 


21112 2100 #512 = 600 


© ¢: x wy 


1/12 to 1/6 H.P. 1/50 to 1/13 H.P 1/35 to 1/10 H.P. 1/200 to 1/75 H.P 1/20 10 1/10 Н.Р. 1/40 1о 1/20 Н.Р: 1/8 10 1/2 Н.Р 


FRACTIONAL HORSEPOWER MOTORS 


48004 2800C =3000 GEAR MOTOR 


=300 
SHADED А 
POLE 5) 


MOTORS 


1/2000 to 1/4500 H.P 1/200 to 1/80 Н.Р 1/200 to 1/80 H.P 1/200 to 1/80 H.P 1/30 ю 1/70 Н.Р. OUTPUT 120 !N.-18. 


[IN ТНБ ENTIRE INDUSTRY... 


51500 52900 


#2400 
INDUCTION 
MOTORS 


1/25 to 1/15 H.P. 1/1510 1/8 НР. SERVO MOTOR 1/300 to 1/1400 Н.Р. 1/100 to 1/15 H.P. 1/25 10 1/4 Н.Р. 


HOWARD 


Universal and Direct Current Motors to 1/2 H.P. cooperate with you in selecting the right motor 
e Shaded Pole Motors 1/2000 to 1/8 H.P. for your application. 
* Induction Motors 1/1400 to 1/4 H.P. 
* Dynamotors e Blowers € Gear Motors Howard motors have been used in more than 85,000 
applications over the past 20 years by the leading 
The motors illustrated on this page represent the versatility companies of America. 


of Howard fractional H.P. motors. Catalog pages are Н 
DEPT. PEH, HOWARD INDUSTRIES, INC. * RACINE, WIS 


= 
If you have a fractional H.P. motor application, check with HOWARD з 


Howard. Our engineering department will be glad to 


available on all motors illustrated as well as gear 
units, mounting bases and blowers. 


SALES OFFICES: 208 S. La Salle St., Chicago 4 + 942 S. La Brea Ave., Los Angeles 36 * Room 4822, Empire State Bldg., New York ! 


p — 
DIVISIONS ёме ELECTRIC MOTOR CORPORATION © CYCLOHM MOTOR CORPORATION C) RACINE ELECTRIC PRODUCTS 
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Zenith 


HAS A WIDE RANGE 
OF CARBURETOR TYPES 


TO FIT A WIDE RANGE 
OF APPLICATIONS! 


Are you looking for an unusual size or type of 
carburetor? Perhaps Zenith* has the answer to 
your problem. For more than 35 years Zenith 
has been designing and building carburetors for 
every type of engine—ranging from single 
cylinder lightweights to the most rugged and 
powerful of gasoline engines. The chances are 
you can use a unit Zenith is now making and avoid 
the cost of a specially designed carburetor. 

On the other hand, if your carburetor require- 
ments are highly specialized, Zenith’s engineer- 
ing experience will prove invaluable in solving 
questions of placement, efficiency and economy of 
operation. Just remember, whatever your carbu- 
retor problem, it will pay you to look to Zenith 
for the answer. REG. U. S. PAT. OFP, 


ZENITH CARBURETOR 
DIVISION OF Bendix 


aviation CORPORATION 


696 Hart Avenue, Detroit 14, Michigan 


MANUFACTURERS OF FINE CARBURETORS AND FUEL FILTERS 
Export Sales: Bondis lateraational Division, 205 East 42nd Street, New York 17, M. Y. 


Ніз 


FORD 
INSTRUMENT 


STANDARD COMPONENTS 


Ford Instrument Company pro- 
duces a variety of precision com- 
ponents for systems and computers. 


( WRITE FOR FREE CATALOGS ) 


e PRECISION CAMS 


3-D, Flat and Cylindri- 
cal types... in tolerances 
to +0.0005”...for a 
wide range of computer 
and motion applications. 


• A-C RATE GENERATORS 


and single-shaft servo 
packages . . . extremely 
stable, linear units with 
high voltage output. 


• DBR INTEGRATORS 


Compact mechanical 
units for extreme accu- 
racy in computing and 
variable speed applica- 
tions 


e TELESYN SYNCHROS 
AND RESOLVERS . . . 


in sizes to meet a multi- 
tude of requirements . . . 
available to meet Mil 


specs 


e SERVO MOTORS 


In a variety of sizes and 
models...with extremely 
low inertia and high fre- 
quency response 


e DIFFERENTIALS 

Single spider gear de- 
sign in 1/8", 3/16", 1/4" 
and 5/16" shaft diam- 
eters . . . high precision 
units for top accuracy. 


IN ADDITION... 


Ford Instrument Company pro- 
duces a vast arrav of analog and 
digital computers, control systems 
and drives, converters, magnetic 
amplifier systems, and other in- 
struments and equipment for the 
military and industry. Write for 
more information, 


@ FORD INSTRUMENT 
ca COMPANY 
D 


| | ivision of Sperry Rand Corporation 
dw 31-10 Thomson Ave. 
Long Island City 1, N. Y. 
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Double blowers for applications requiring 
100 CFM of free air, 
kitchens, refrigeration units, air condi- 
tioning equipment, large photo darkrooms 
and for furnace draft boosters. Powered 
by Type D shaded pole induction motor 

uire infrequent oiling. Non Radio in- 
a ering. Normally furmshed with outlet 
mounting flange but can be had with a 
p strap bracket and an outlet damper. 
For 115v AC, 60 cycles (other voltages 
or frequencies on request). 35 watts at 
3100 RPM (free air) on 115 volt source. 


as in laboratories, 


SUB-FRACTIONAL HORSEPOWER 


A rugged and dependable little unit for 
genera! use and medium speed applications 
which will operate for years with a mini 
mum of attention. Ideal for pumps, fans, 
advertising displays, brooders, space heat 
ers, etc. 1/100 to 1/200 HP. !15v, 60 
cycles in either CC or CCW rotation. Can 
be had for other voltages or 50 cycle oper 
ation. Ventilated cases, flat strap mount 
ing bracket, junction box welded to case 
and Elkey connector available 


DS. Single blower, with all the advantages of Type Ds 
DD, but approximately half the air delivery. 115v, 60 SA-1 SA-2. 2-pole skeleton frame motors, 
cycles. For CW and CCW operation. 35 watts at 3150 е 1/100 to 1/200 HP. Have the same charoc- 
RPM on 115 volt line. Regularly supplied with inlet teristics as Type D motors. The shaft is 
screen ond outlet flange, but con be hod with inlet concentric with the OD, thus making 
damper, inlet mounting flange, “L” type bracket or mounting a simple problem. Elimination of 
flat strap bracket. { case makes them very economical 


YD YRD 1 Most completely developed line of Heinze 

shaded pole induction motors. 1/200 to 1/50 

Powered by sturdy, low speed type HP. Ten standard sizes. High or low starting 

"Z" shaded pole induction motor torque. Speed ranges from 1400 to 1700 

35%'' balanced air rotors with slow RPM. Normally furnished for 115v, AC, 60 

speed minimize oir noise. 115v, AC, ‘ cycles. CW and CCW rotation. (Other volt 

60 cycles. 45 watts, 1650 RPM (free ages and frequencies on request.) Can be sup 

air.) Available for 230 volts or 50 plied in closed cases, 4-stud mounting, saddle 

cycle operation type mounting bracket, flat strap bracket and 
junction boxes 

Can be furnished with internal fans for cooling 


AM-100 


New capacitor motor. 1/100 hp., operating at 
free speed of 3300 rpm. or load speed of 3100 
rpm 

Originally developed for TV antenna rotator 
service. Reversible. Is excellent also for labora 
tory or experimental use: or for advertising 
displays, etc 

40 watts. 24 volts. 60 cycles, AC. Skeleton 
frame, but can be supplied in ventilated case 
same size and appearance as Heinze Type Z 
motor. Mountings available 


YSS YRS. The most compact 50 CFM blower units avail 
able today. Resilient mounting base to reduce mechani- 
cal vibration to a minimum can be furnished with flot 
strap bracket instead of outlet flange normally furnished. 
115v, AC, 60 cycles. 40 watts at 1650 RPM. Can be 
mounted for 230 volt operation 


For cooling electronic tubes in trans- 

mitters, induction heaters and dia- 

thermy equipment. Quiet operation 

Low wattage. Light weight. Will not ч 

cause radio interference. 115v, AC, AR-105 

60 cycles. 15 watts 3000 RPM (free Another new capacitor rotator motor, 1/200 hp 

air). operating at free speed of 3000 rpm. 35 watts 
24 volts. 60 cycles, AC Operated with a 75mf 
capacitor 


F2-S Single blower os above. 115v, AC, 60 cycles 
15 watts. 3100 RPM (free air). 


Shaded pole, induction motors. CW or CCW 
۴25 T rotation. 1/1000 to 1/300 HP. For “mouse 
power’ applications, such as range oil pumps 
small hair dryers, desk fans, toys, space heaters 
advertising displays, timed-switching devices, 
small water circulators, kitchen mixers, etc 
F 2V5-S : Free speed, 3200 RPM. 1/100 HP at 3000 


Has generally the same features as 
the F2 blowers. Bakelite housing 
115v, AC, 60 cycles 15 watts. 
2800 RPM (free oir). Can be sup- 
plied in double housing (Е 215-0) 
with approximotely twice the oir 
delivery of F 214-5 


K 


K6-S (and K12-S) are battery operated for cars, А K 
trucks, boats and other portable installations. 

K115-S is an AC-DC blower of excellent output where 
absolutely quiet operation is not of prime importance 


Delivers “зү 100 CFM of air and operates at 
a speed of 2800 RPM. 70 watts on 115v, 60 cycle line. 


KF 


The some specifications as for Type 
1/50 to 1/25 HP. Normolly supplied 'K" but flat-sided for sewing moa 
for 115 volt line. Con be had for 230 chines, business machines and other 
volt operation or as a straight 115 devices needing a series motor, where 
volt (or 230 volt) DC motor. Close space is important 
case type. Lee governor and resilient Can be furnished with die cast 
mounting plate available housings and external brushes 


Heinze Electric Co 


685 Lawrence Street 


LOWELL, MASS 


Heinze Electric Co 


685 Lawrence Street 


LOWELL, MASS 
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COUNT-REGULATED 
CIRCUIT CONTROL 


WITH 


AUTOMATIC RECYCLING 


CYCLO- MONITOR 


COUNTS: Shaft Revolutions 
Lever Strokes 
Electric Impulses 


CONTROLS: Machines and processes 
on a repeat cycle basis. No reset re- 
quired. No pause or lag in recycling— 
even at continuous speeds. Positive 
gearing throughout. Integral, SPDT 
switch transfers as shown in typical 
cycle diagram below: 


CYCLO-MONITOR 
Write for Bulletin 202-1 


0 
COUNT-CYCLE AUTO. 
س‎ 
ADJUSTABLE TO 4000 COUNTS REPEAT 
SWITCH OPEN E ADJUSTABLE 
SWITCHING 
INTERVAL 


SWITCH CLOSED 


| —— соумтз —э- 
0 


PROGRAMONITOR 


An advanced recycling, 
circuit-controlling counter 
for complex and irregular 
switching patterns with any 
number of intermediate 
switching points. Complete 
lexibility for pattern 
PROGRAMONITOR 
Write for Bulletin 505 


changes. Automatic, instan- 
taneous recycling. 


о COUNT-CYCLE AUTO. 
————— 
ADJUSTABLE TO 4000 COUNTS | REPEAT 


SWITCH OPERATES AT ANY NUMBER 
OF INTERMEDIATE PRESET COUNTS 


—— COUNTS ——M» 


COUNTER ano CONTROL CORPORATION 


5221 W. ELECTRIC AVE. MILWAUKEE 19, WIS. 


H50 





Catalogs and Bulletins continued 


(T-7) FHP D-c Morons — Bulletin 
GEA-6068, 12 pp, covers complete line 
of fhp d-c motors and equipment for 
direct application and built-in use. In- 
cluded are typical applications, product 
features, ratings and specifications for 
standard models. General Electric Co., 
Schenectady 5, N. Y. 


(T-8) A-C MAGNETIC STARTERS — 
Bulletin 1020, 8 pp, describes line of 
reversing and non-reversing starters 
Construction, application and engineer- 
ing specifications are covered. Essex 
Wire Corp., 1601 Wall St, Fort 
Wayne, Ind 


(T-9) SHADED POLE A-C MOTORS- 
Catalog F 4271, 6 pp, line of shaded 
pole a-c motors for use in vendinr ma- 
chines, appliances, office machines, in- 
dustrial instruments, projection equip- 
ment, servomechanisms, communication 
equipment, displays, toys and many 
other applications. Describes line of 
small motors available in undirectional, 
synchronous, and reversible models 
with ratings up to sọ hp. Barber- 
Colman Co., 1200 Rock St., Rockford, 
Ш. 


(T-10) ELECTRIC MOTORS— Booklet, 
10 pp, describes line of motors, V$ to 
í00 hp, of various types; open, en- 
closed, variously mounted. Century 
Electric Co., 1806 Pine St., St. Louis 2, 
Mo 


(T-11) FLum Morors—Booklet, 8 
pp, describes motor which converts oil 
under pressure to rotary motion. Sund- 
strand Machine Tool Co., Rockford, Ill 


(T-12) CONTROL TRANSFORMERS— 
Catalog GED-2767, 32 pp, includes 
autotransformers, machine tool trans- 
formers, and special application mod- 
els. General Electric Co., Schenectady 
5, N. X. 


(T-13) ELECTRO-MECHANICAL IN- 
TEGRATOR—Bulletin, 2 pp, describes 
velocity servo package used for control 
of motor speeds. Feedback Controls, 
Inc, 1332 N. Henry St, Alexandria, 
Va 


(T-14) ELECTRIC MOoTORS— Bulletin 
1700, 12 pp, includes information on 
new open dripproof, as well as enclosed 
and explosionproof, electric motors 
manufactured to new NEMA stand- 
ards. Louis Allis Co., Milwaukee 
Wis 
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1 Through 200 Н.Р. 


All these features at a standard motor price! 


Extra-large ball bearings, sealed to keep 
grease in, dirt out. Need no attention for 
years! 

Insulated coil ends —R & M insulates be- 
tween all coil ends as well as phase groups, 
for 3 to 4 times greater insulating value! 
"Clean-Sweep"' Ventilation —R & M motors 


stay cool and clean; high velocity air-flow 
stops build-up of dust and dirt. 
Full-height, shrouded end heads shield the 
motor against moisture and internal 
damage. 

Protected against rust and corrosion —in- 
side and out. 


R & M manufactures a complete 
line of Totally Enclosed and Explo- 
sion-Proof motors from 1 through 
40 h.p. Direct Current and Single- 
Phase from 1 through 7\4 һ.р. 


Need A Special Motor? 


Building "specials" to the customer's specifica 
tions is an old story at R & M—electrical and 
mechanical modifications are no problem. C 
D, and P flanges, shaft modifications, com 
mercial dynamic and special dynamic balane 
ing—all are readily available to your order 
And to meet your demands for quick delivery 
we maintain a complete stock of mechanical 
parts for motors requiring electrical or mechan 
ical modifications. 

Engineered motor parts for built-in applica- 
tions are another R & M service available to 
you. Our well-qualified staff of motor-applica 
tion specialists will make prompt recommenda 
tions. Call on them now— there is no obligation 


Are you paying extra for motor features 
that are standard with ReM ? 


modern testing and production 


Of course you want a top-quality Myers as a source of supply. For 


motor... good performance of 
any motor-driven product de- 
pends onit. But if you’re used to 
thinking of features like extra- 
large ball bearings, extra insula- 
tion and complete rust protec- 
tion as cost-raising motor 
requirements, take an extra look 
at the standard features of R & M 
motors. 

As a user of motors in quantity, 
naturally you will also want to 
know some of the facts about the 
advantage of having Robbins & 


example, take delivery. Our com- 
plete stock of mechanical parts 
makes quick delivery of motors 
requiring electrical and mechan- 
ical modifications a matter of 
course. 

These facts are important. In 
short, they mean that R & M is 
big enough to serve—through its 


facilities and large staff of appli- 
cation engineers— but not too big 
for service. 


If you want the best possible 
motor performance— backed up 
with prompt service and de- 
liveries — write us today for 
complete information. 


ROBEING = MYERS. inc. 


SPRINGFIELD 99, OHIO * BRANTFORD, ONTARIO 


чал! 
Lo = Жү 


Electric & Hand Moyno 
Hoısts & Cranes 


Fractional & Integral h.p Electric 
Motors & Generators Fans 


(SS 
Propellair Industrial 


Pumps Ventilating Equipment 





power equipment...with one of these 


3 New Onan Engines 


Step up performance of your 


Overall dimensions: Length (incl. shaft) 15'4", 
leight (with tank) 20”, Width 2014”. Weight 
(Dry with accessories) Bó pounds. Power take-off: 
Crankshaft extension 314” long, 1" diameter 


MODEL CCK 


MODEL AJ 
Single-cylinder, gasoline-powered 


5.5 H.P. 


A compact, rugged, high-performance en- 
gine developing 5.5 H.P. at 3600 RP.M. 
For heavier-duty applications on construc- 
tion machinery, farm and garden equipment 
and similar products. Four-cycle; air-cooled; 
L-head; vertical cylinder; 254” bore; 214” 
stroke; 14.9 cubic inch piston displacement; 
6.25:1 compression ratio. Removable alu- 
minum alloy cylinder head; fully counter- 
weighted and balanced crankshaft for 
smooth operation. High tension magneto 
ignition. Mounted fuel tank and muffler. 
Manual pull-rope starting (recoil starter 


RET Ys 


Two-cylinder, gasoline-powered 


12.9 H.P. 


Horizontal,two-cylinder opposed design gives 
this engine exceptionally smooth, quiet op 
eration. Develops 12.9 H.P. with accessories 
at 2700 R.P.M. Pressure air-cooled ; 4-cycle; 
314" bore; 3* stroke; 50 cubic-inch piston 
displacement; 5.5:1 compression ratio. Ex- 
tra-large bearing surfaces; high tension mag- 
neto ignition; governor regulation within 
5°. Short, extra heavy crankshaft. Remov- 
able aluminum cylinder heads. Full pressure 
lubrication. Manual pull-rope starting. (Re- 
coil starter optional) 


Overall dimensions: Length (incl. shaft) 1 434", 
Width 192", Height 1774". Weight: (Dry, with 
sid. occessories) 148 pounds. Power take-off: 
Crankshaft extension, 2144" long, 1 4" diameter 


xe et Р 2 


MODEL DRP 


Two-cylinder, air-cooled Diesel 


15 H.P. 


Overall dimensions: Length (incl. shaft) 26%4", 
Height 28", Width 304". Weight: (Dry, with ac 


Where heavy duty performance, economy 
and safety are important factors, this air- 
cooled full Diesel engine has outstanding ad- 
vantages. Electric starting; horizontal, 2- 
cylinder opposed design; develops 15 H.P. 
with accessories at 2300 R.P.M.; 4-cycle; 
315" bore; 3!5" stroke; 67.3 cubic inch 
piston displacement; 17.3:1 compression 
ratio; forged steel crankshaft and connect- 
ing rods; extra-large bearing surfaces; full 


cessories) 516 pounds. Power take-off: Fiywhee! 
for disc drive; accessory crankshaft extension 4” 
long by 14" diameter 


"EI 


pressure lubrication; 12-volt generator. 


TITIES 


Write for complete specifications 


EY” D. W. ONAN & SONS 


4048 University Ave. S.E., Minneapolis 


INC. 


В 


14, Minnesota 


Catalogs and Bulletins continued 


(T-15) FHP Motors—Catalog 54-A, 
6 pp, describes universal, d-c, shaded 
pole, induction motors. Howard Indus- 
tries, Inc., Racine, Wis. 


(T-16) ELECTRIC MoTOoRS— Bulletin 
N-100-R, 16 pp, contains cutaway il- 
lustrations, diagrams, descriptions of 
rerated motors of both totally enclosed 
fan-cooled and open drip-proof types 
having integral horsepower ratings. 
Howell Electric Motors Co., Howell, 
Mich. 


(T-17) ELECTRICAL MOTORS—Cata- 
log, 24 pp, contains selection charts 
based on electrical and mechanical fac- 
tors. Includes squirrel cage, dripproof, 
splashproof, totally enclosed, explosion- 
proof, wound rotor, self-cleaning, d-c 
gear motor units. Louis Allis Co., 1125 
W. National Ave., Milwaukee 3, Wis. 


(T-18) EXPLOSIONPROOF MOTORS— 
Booklet, 4 pp, describes motors in 
NEMA frame sizes 56 through 680. 
Marathon Electric Mfg. Corp., Wausau, 
Wis. 


(T-19) ToTALLY ENCLOSED MOTORS 
—Bulletin MU-203, 4 pp, describes 
standard and explosionproof motors in 
re-rated NEMA frames, 1 to 30 hp 
ratings. Wagner Electric Corp., 6400 
Plymouth Ave., St. Louis 14, Mo. 


(T-20) ELECTRICAL MoTORS—Bulle- 
tin MU-202, 4 pp, describes cast iron 
frame, dripproof enclosure motors with 
| to 30 hp ratings. Wagner Electric 
Corp., 6400 Plymouth Ave., St. Louis 
14, Mo. 

T-21) SHAFTLESS Motrors—Bulle- 
tin 516E, 15 pp, describes line of rolled 
shell, shaftless, squirrel cage induction 
motors for built-in applications, 14 to 
75 hp ratings Louis Allis Co., Milwau- 
kee 7, Wis 


(T-22) SPEED CONTROLS — Booklet, 
7 pp, describes automatic speed control 
for electronic, pneumatic, hydraulic, 
mechanical application. Link-Belt Co., 
307 N. Michigan Ave., Chicago 1, Ill. 


(T-23) CURRENT CONTROLLERS — 
Booklet, 4 pp, describes pneumatic- 
electric transducer which provides au- 
tomatic control of current input re- 
quired in many types of industrial 
operations and processes. Conoflow 
Corp., 2100 Arch St., Philadelphia 3, 
Pa 
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GEARED 


Merkte-xor FF fractional horse power 
geared motors provide high torque with com- 
pactness and dependable operation. The illus- 
trations show a few of the practically unlimited 
number of types and mounting arrangements 
available. This great flexibility eliminates many 
design problems when incorporating this drive 


unit in a product or process. 


MERKLE-KORFF motors may be either induc- 


tion, synchronous, series or shunt—either uni- 
directional or reversing. Speeds are in the order 
of 800 RPM down to any fractional speed re- 


quired. 


The gear case is sealed and lubricated. The 
gears are all precision cut. There are no stamped 
or cast gears in a MERKLE-KORFF unit. All 


steel gears are heat treated. 


MERKLE-KORFF design engineers are ready to 
assist your staff in providing a drive unit with 


the right speed and torque for the job. 


217 NORTH MORGAN STREET 


Eastern Representative: EDWIN M. BOND 
Box 333, Rumson, N. J 1412 S. Los Angeles St., Los Angeles 14 Calif 





ELECTRIC MOTORS 


^» the choice of leaders 
in industry 


Wagner totally-enclosed motors mean 


These new Wagner totally-enclosed fan-cooled motors are particularly suitable for use 


on all types of machine drives. 


hey are fully protected against damage from steel filings, chips, dust, dirt, fumes and 


moisture. They require no maintenance other than periodic lubrication. 


If appearance is a factor, you'll find that the pleasing proportions of these motors give 
them that functional beauty obtained only when the design is fundamentally right. Ribs 
on the corrosion-resistant cast iron frames add mechanical strength and increase the 
surface area for more efficient cooling. Full information is given in Bulletin MU-203, 


which is yours for the asking. 


Your nearby Wagner engineer can help you select the right motor for your application. 
Call the nearest of our 


32 branch offices. or write us. 


WAGNER ELECTRIC CORPORATION 
6406 Plymouth Ave. * St. Lovis 14, Mo., U. S. A. 


N ELECTRIC MOTORS + TRANSFORMERS - INDUSTRIAL BRAKES 
AUTOMOTIVE BRAKE SYSTEMS — Air and hydraulic 


BRANCHES IN 32 PRINCIPAL CYTES 
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HEAVY-DUTY BALL BEARINGS 


Highest quality bearings of more than 
ample capacity to carry heavy loads pro- 
vide long troublefree service. 


BEARINGS CAN BE RE-LUBRICATED 


Wagner motors can be re-lubricated when 
necessary tc prolong bearing life. New 
grease can be added — old grease re- 
moved through openings provided in top 
and bottom of bearing housing. 


BEARINGS STAY CLEAN 


Both ends of these motors are equipped 
with running shaft seals to keep dust, dirt 
and water from the bearings. There's no 
grease loss because bearing housings 
have effective seals to prevent escape of 


grease. 


BUILT IN NEMA FRAME 
SIZES—182 THROUGH 326U 


FRAME SIZES AND DIMENSIONS 
| to 30 H. P. 


Nw 
KEY WAY 


AA SIZE 
1—- cowout 
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WISCONSIN MOTOR 


7.2 to 15 hp. 





ENGINES... 


Designed to meet the Power 


A vitally important but all too frequently 
overlooked factor in the selection of the 
most desirable engine power for Original 
Equipment, is the matter of Torque charac- 
teristics. 


By referring to the power curves reproduced 
in miniature at the left, it may be noted 
that all Wisconsin Engines are of basic 
High Torque design. This, quite obviously, is 
your assurance of effective, usable power 
in a broad rpm, range—Lugging Power 
that hangs on through the shock-load inter- 
vals and follows through. The High Torque 
pickup prevents stalling at critical operating 
levels of the equipment and helps to main- 
tain continuous uninterrupted operation. 


The benefits of AIR-COOLING are, of 
course, self-evident from the standpoints of 
light weight, compactness and general 
adaptability to original equipment design, 
as well as representing easy, simple mainte- 
nance for the user. Cooling efficiency, 


Demands of Modern Equipment 


however, is a primary consideration which 
is most effectively met. The integrally cast 
flywheel fan delivers a powerful blast of air 
which is continuously distributed over the 
closely-finned cylinder heads and walls by 
means of scientifically designed and placed 
Air Shrouding for maximum cooling effi- 
ciency. 


All models can be adapted to operation on 
kerosene, natural gas and LP fuels when 
specified on factory orders. 


All Wisconsin Engines are of heavy-duty 
engineered design and construction а 
to deliver "Most H.P. Hours" of on-the-job 
service. A complete power range, from 3 to 
36 hp., plus the advantages of AIR-COOL- 
ING at all temperatures from sub-zero to 
140°, are additional benefits that are yours 
when you specify WISCONSIN ENGINES 
for your equipment. 


All Wisconsin Engines receive a thorough 
test-block run-in before leaving the factory. 


SPECIAL EQUIPMENT 


All models can be supplied with variable speed controls, clutch take-off assembly, electric starter and 
generator (or starter only), Stellite-faced exhaust valves and Stellite valve seat inserts (regularly sup 
plied on Models TFD and VG4D) and positive type Valve Rotators. Clutch reduction assemblies available 
for larger single cylinder models and all multi-cylinder models. Reduction assemblies available on all 
models except VG4D. Rotating screen can be supplied on all models except AFH, AGH and AHH single 
cylinder engines, Automatic High Temperature Safety Switch also available on all models except small 


single cylinder models. Special equipment must be 


Models 
equipped 


Models ACN and BKN equipped 
with Clutch Take-Off Assembly 
Also available on all other 
models 


and Electric Starter 


specified at time engines are built 


TE, ТЕ and TFD, V-type 4-cylinder models 
VF4, VH4, VG4D) equipped with 
rotating screen and 


with Rotating Screen 


starting 


Large capacity cooling 
fan is integrally cast 
with the flywheel and 
provides correct heat 
dissipation at all tem- 
peratures up to 140° Е 


Self-cleaning, file-hard 
tapered roller bearings 
at BOTH ends of the 
crankshaft take up end- 
thrust and radial loads 


(VE4, 


electric 


POWER and WEIGHT SPECI 


STROKE 
NO. OF CYLINDERS 
DISPL. CU. INCHES 14.88 17.8 | 


3.2-6.8 | 4.5-8.25 


HP. RANGE 2.3-5.6 


SPEED RANGE—RPM. /1600-3600 | 1600-3600 | 1600-3600 | 1600-2200 | 1600-2200 | 1600-2200 
і 


NET WT. IN LBS 


Engine with Stub 
Shaft 


Added Wt. for 
Clutch 





Added Wt. for 
Reduction 


Added Wt. Clutch 
Reduction 


BORE 

STROKE 

NO. OF CYLINDERS 
DISPL. CU. INCHES 


38.5 HP. RANGE 


6.0-7.2 7.2-8.4 7.7-9.2 


NET WT. IN LBS 


| | Engine with Stub 
| Shaft 


| Engine with Side 
Mount Tank 


Power Unit with 
Stub Shaft 
Added Wt. for 

Clutch 
Added Wt. for 
Reduction 


Added Wt. Clutch 
Reduction 


46, 


SPEED RANGE—RPM 


c w 
Wisconsin, 


45.9 53.9 53.9 


2 |87-14.6 8.7-15 


1400-2600 |1400-2600 | 1400-3000 


High tension, rotary type 
gear-driven magneto de- 
livers positive ignition 
and is outside-mounted 
for maximum accessbility 
and as protection against 
fouling 


Positive lubrication sup- 
plied by a pump-circu- 
lated splash system for 
smaller models. Geared 
lubrication pump on 
larger models delivers 
individual oil stream to 
each connecting rod 


VG4D V-type, 4-cylinder 


equipped with clutch 


reduction assembly 


107.7 107 7 
5-25 14-30 
1400-2400 | | 200-2800 


U. S. A. 





BOWMAR 


PRECISIOHI hy 
ELECTROMECHANICAL ASSEMBLIES 


аиб x 
b ES 


b 


2 
2 


THREE SPEED SCANNING EEL 
GEAR BOX DRIVE ASSEMBLY. 


FUEL CONTROL ASSEMBLY; MOTOR 
SWITCHES 3-GANG POT CONTROLS. 


Bowmar Instrument specializes in the design and production of cus- 
tom electromechanical equipment for modern control systems. lllu- 
strated are several such unique assemblies engineered and built by 
Bowmar. When you need unsurpassed precision and performance 
in similar devices, or in the precision components which comprise 
them, send us your requirements. ' Bowmar is represented in most 
major cities. 


2 M 


RADAR BOMBING 
INDICATOR COMPUTER 
ASSEMBLY. CONTROL 


ANTENNA 
CONTROL 
ASSEMBLY. 


FREE Catalog ANGLE 
COUNTER 
1502. 


PRECISION MINIATURE 
SPEED REDUCER 1062. 


PRECISION MINIATURE 
GEAR HEAD 1384-GH. 


УТЛА 


2400 PENNSYLVANIA STREET e FORT WAYNE, INDIANA 


FOR FAST HELP 
on 


DESIGN PROBLEMS 
. . . consult the 


PRODUCT INDEX 


of this 
DESIGN DIGEST 
ISSUE 


(Begins on Page 12) 


Every product adver- 
tised in this issue is in- 
dexed there for ready 


reference. 


Among them may be 
exactly what you need 
right now. 


The advertisements for 
all these products will 
give you many useful 
ideas ... and more infor- 
mation is quickly avail- 
able from each adver- 


tiser. 


To get any additional 
facts you want, use the 
handy post cards in front 
of this issue, or the cou- 
pons you'll find at the end 
of each DESIGN DIGEST 
ISSUE Section. 
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DISTRICT OFFICES 


BOSTON, MASS. 

339 Auburn Street 

(Auburndale 66, Mass.) 

Phone Decatur 2-7050 
CHICAGO 14, ILL. 

2701 N. Paulina Street 

Phone Eastgate 7-8450 
CINCINNATI 12, OHIO 

2089 Sherman Ave., Room 53 

Phone Jefferson 1-2855 
CLEVELAND 14, OHIO 

NBC Bidg. 815 Superior Ave 

Phone Cherry 1-0862 
DALLAS 2, TEXAS 

Second Unit Santa Fe Bldg 

Room 519 

Phone Adams 5-7691 
DAVENPORT, IOWA 

705 Union Arcade Bldg 

Phone 6-3133 
DETROIT 35, MICHIGAN 

18228 James Couzens Hwy 

Phone University 2-5917 
ERIE, PENNSYLVANIA 

12th & Cranberry Streets 

Phone 2-6436 
GRAND RAPIDS, MICH. 

The Jay Company 

3251 Lake Michigan Drive, N. W 

Phone Glendale 6-8391 
HOUSTON 21, TEXAS 

P. O. Box 14284 

409 Bastrop St 

Phone Capital 8-7581 
INDIANAPOLIS 18, IND. 

1701 N. Sherman Drive 

P. O. Box 7151 

Phone Fleetwood 7-1127, 7-1128 
KANSAS CITY, MISSOURI 

1102 E. 47th Street 

Phone Valentine 1-0100 
LANCASTER, PA. 

Clair M. Williamson Associates 

20 Race Avenue 

Phone 4-1546 
LOS ANGELES 21, CALIF. 

Westco Pump Sales Co 

2315 E. 8th Street 

Phone Madison 2754 
MILWAUKEE 17, WIS. 

316 E. Silver Spring Drive 

Phone Woodruff 2-1235, 4-3911 
MINNEAPOLIS 4, MINN. 

The Edey Company 

1302 Fifth Ave., South 

Phone Federal 3-2813 
NEWARK 4, NEW JERSEY 

1245 McCarter Highway 

Phone Humboldt 2-9233-4 
NEW ORLEANS 20, LA. 

Roussel Pump & Electric Co 

P., O. Box 9067 

Phone Canal 0702 
PHILADELPHIA 40, PA. 

124 S. Easton Rd.. Glenside, Pa 

Phone Turner 4-4668 
PITTSBURGH 12, PA. 

516 Federal St. 

North Side Deposit Bank Bldg 

Phone Fairfax 1-4486 
SAN FRANCISCO 24, CALIF. 

Westco Pump Sales Co. 

85 Industrial Street 

Phone Valencia 6-5104-7 
SEATTLE 16, WASH. 

H. S. Emanuels 

4015 Prince Street 

Phone West 8700 
SKANEATELES, N. Y. 

P. O. Box 216 

Phone 1093 
TULSA 3, OKLA. 

Bekin Bidg., 20 E. Archer St 

Phone Gibson 7-0520 
WAUSAU, WISCONSIN 

(Home Office) 

Randolph & Cherry Streets 

P. O. Box 630 

Phone 2-2011 thru 2-2015 

EXPORT DEPARTMENT 

Marathon Electric Mfg. Corp. 

431 Fifth Ave. 

New York 16, New York 

Phone Murray Hill 5-3322 


Call Any Of The 
Above Offices For 
Complete Information 


N.E 


MOTORS & GENERATORS 


Dep / elit 


accepted by Leading National Manufacturers 


Wide Range of Sizes 


motors | 


20 H.P. to 2500 H.P. Generators Y} K.W. to 2000 K.W 


Built to Your Specifications 


Nationwide Serice 


A Service Station and District Office is near you 


FRACTIONAL H.P. MOTORS 
General Purpose 

1/20 HP-up From Stock 
Special Purpose 

Built to YOUR Specifications 


TOTALLY ENCLOSED FAN-COOLED 
MOTORS 

Ribbed Frame Construction 
Cool, Clean, Efficient 

Explosion Proof Ratings to 250 HP 


Corry This ШШ Lobel 


MARATHON 


SINCE 


1913 


NEW NEMA INTEGRAL HP MOTORS 
Provide 4 in ! Protection 
Drip-proof Splash-proof 
Weather Protected Guarded 
All at Open Motor Prices 


LARGE APPARATUS 

Synchronous & Wound Rotor Motors 
Generators AC, DC, Hi-Frequency 
Motor-Generator Sets 
Automator-Adjustable Speed Drives 


ELECTRIC 


MOME OFFICE AND FACTORY, WAUSAU, WIS. 


m FACTORIES AT ERIE, PA. AND EARLVILLE, ILL 


SALES OFFICES IN PRINCIPAL CITIES 
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Clutch-Gear Type 


Features high starting torque. Fast dis- 


engagement time of 25 milliseconds. 
Speeds of 4 to 328 rpm., others avail- 
able. Torque rating, to 10 in.-lbs. with 
nylon gears. To 25 in.-Ibs. with hard- 
ened steel cut gears. Voltages, 6 to 


220 V.A.C. 


Engineered 
To Your Specs. 


Skeleton Type 


2-pole, shaded pole. Sizes from 1/500 
to 1/40 H.P. Speed 3500 rpm., no 
load. Voltages ó to 220 V.A.C. 
Operates in any position. Low cost. 


Gear-Reduction Type 
AC, shaded pole. Speeds from 2 to 
300 rpm. Features a clutch for fast 
starting and stopping. Delivers up to 
50 inch-lbs., torque. Voltages, ó to 
220 V.A.C. 


MOLON MOTOR AND COIL CO. Send For 


Complete Details 


3349 W. Addison Street, Chicago 18, Illinois 


fractional horsepower 


at its 
finest! 


choice of leading manufacturers 


Don't gamble with the success 
of your product! By careful 
analysis and testing together 
with RAE engineers you can 
assure the right motor for 
your needs 


RAE offers outstanding serv- 
ice and quality in a large 
variety of motors in voltages 
up to 250, and up to !4 H.P. 
(higher for intermittent duty) 
with many gearhead motor 
combinations. Let us show 
vou how these advanced mo- 
tors, now in such big demand, 
can improve your product 
and reduce your costs. 

Send for the "RAE" service sheet. It 
will help you supply the data neces- 
sary for recommendations and prices. 
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AC/DC Universal 

DC Shunt Wound 

DC Series Wound 

DC Compound Wound 
Geor Reduction Motors 
Governor Controlled Motors 
Motors for Rheostat Control 
Motors for Electronic Control 


Permanent Magnet Motors and 
Gearmotors 


дае MOTOR CORP. 


2009 Kewaunee Street 
Racine, Wisconsin 


KATO™ 
GENERATORS /, 
. adaptable to all 


well-known engines ! 


sae ,approved 


ng adapters 
available 


Choice of 5 flexible 
Kato couplings 


size 
t your 
50- 60 
5 to 1200 


A.C. GENERATORS watts to 500 KVA in 
one or two bearing d 1 t 600 RPA 


D.C. GENERATORS t 0 KW at 1000 RPM. 
MOTOR GENERATOR SETS hange D.C. to 
buo. AX to D.t change frequencie 


ROTARY CONVERTERS D.C, to A.C 
i t RPM 


D.C. MOTORS 
* A.C. MOTORS 
A.C. MOTORS 
D.C. MOTORS 


D.C. MOTORS 1 Ad utput 
FREQUENCY CHANGING MOTOR GENER- 
ATOR SETS--Wide var f both fixed ind 


variable n anges startin at 2 
ири 200 € PS 


Builders of Fine Electrical Machinery Since 1928 


KATO ген; (ралу 


Write: 1485 First Ave Mankato, Minnesota 
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ORDER YOUR 


JESSE JONES FILES 
TODAY! 


Product Engineering — Mid-October, 1956 


When you file your copies of Product Engineering, you build up 
a VALUABLE REFERENCE LIBRARY for your home or office. 
When you use Jesse Jones Files, you keep your magazines orderly 
and in perfect condition. 

Especially designed for Product Engineering, two of these strong, 
durable files will hold copies from full year’s subscription. Rich 
maroon Kivar cover looks and feels like leather, and is set off 
with 16-carat gold lettering. Completely washable. 


Only $2.50 each, 3 for $7.00, 6 for $13.00 POSTPAID. 
Add $1.00 postage for orders outside U.S. 


Satisfaction unconditionally guaranteed or your money back 


г 
JESSE JONES BOX CORPORATION, Dept. P.E. (Est. 1843) 
P.0. Box 5120 
Philadelphia 41, Pa. 

Please send me, postpaid, 
| enclose . ВИ те С] 





ННЯ Ста! 
MLL Motore 


condensed catalog helps select exact motor needed 


Get this helpful catalog of Barber- 
Colman a-c shaded pole motors. Designed 
tor applic ations requiring long 

life, rugged construction, these 

quality motors with high start 

ing torque, low-inertia rotors 

provide quick, positive starting un 

der adverse conditions. Various models 


of the four type s shown below 


REVERSIBLE MOTORS 


Adaptable to a variety of control 
circuits to meet many different 
requirements demanding a compact 
and powerful fast-reversing motor 
Widely used for servo-mechanisms 
remote switching and positioning 
devices, voltage regulators, pen 
drives. Available with gear trains 
open or enclosed, in wide range of 
ratios. Low-inertia rotors permitting 
rapid reversing and follow-up make 
these motors ideal for many elec- 
tronic control circuits 


UNIDIRECTIONAL SYNCHRONOUS GEARED 
For driving pumps, projec For chart drives, timers For vending and office 
tors, blowers and fons for microfilm cameras, oscil machines, rotisseries, TV 
refrigerators geor train lographs, and similar ap tuners, program switches, 


for vending and office plication etc. Model shown for over 
machines, etc hanging loads 


the complete line of Barber-Colman motors includes uni- 
directional, synchronous, and reversible motors — up to 1/20 
hp. With and without reduction gearing open or enclosed 
types. Expert engineering service available to help you get the 
exact motor for your application. Write today for your fre 


copy of Catalog F-4271-6 
Barber -Colman Company 


Dept. J, 1212 Rock Street, Rockford, Illinois 


Small Motors Automatic Controls «industrial Instruments . Aircraft Controls «Air Distribution Products 
Overdoors ond Operators . Molded Products . Metal Cutting Tools . Machine Tools « Textile Machinery 


He? 


Catalogs and Bulletins continued 


(T-24) REMOTE POSITIONING—Bul- 
letin F-4331-1, 2 pp, describes velocity 
feedback servo system designed for 
high speed remote control of aircraft 
throttles, jet afterburner valves, test cell 
apparatus and other similar applica- 
tions. The 26 volt d-c system consists 
of either a rotary or linear actuator 
with integral potentiometer, a trans- 
mitting potentiometer, and a control 
box housing other circuit components. 
Barber-Colman Co., 1400 Rock St., 
Rockford, Ill. 


(T-25) TorALLY ENCLOSED, EXPLO- 
SIONPROOF MoToRs— Bulletin, 4 pp, 
contains colored cross-section of the 
motor, with call-outs pointing out con- 
struction details. Photographs and 
drawings illustrate stator core, asbestos- 
protected windings, lubrication sys- 
tems. U. S. Electrical Motors, Inc., Box 
2058, Los Angeles 4, Calif 


(T-26) GENERAL PURPOSE D< 
POWER SUPPLY—Bulletin 178, 2 pp. 
Twenty-two standard models are cov- 
ered with unfiltered outputs ranging 
from 6 to 230 v, dc, and 0.6 to 150 
amp. Opad Electric Co., 69 Murray St., 
New York 7, N. Y. 


(T-27) ELECTRICAL CONTROLS — 
Booklet, 42 pp, was designed as a help 
in selecting electrical components for 
air conditioning, heating, ventilating, 
pump and compressor equipment 
Cutler-Hammer, Inc, 296 N. 12 St, 
Milwaukee, Wis 


( T-28) ELECTRICAL CONTROLS—Cat 
alog, 85 pp, describes electronic timers 
and time delay relays, potentiometers, 
electronic relays, adjustable speed 
drives, load controls. Illustrations, wir- 
ing diagrams, dimensional drawings 
and tabular data are included. Machin- 
ery Electrification, Inc., 35 Hudson St., 
Northboro, Mass 


(T-29) TRANSFORMERS — Catalog S- 
101, 24 pp, lists 543 transformers and 
related components. It contains detailed 
electrical and physical specifications 
for each unit. Chicago Standard Trans- 
former Corp., Addison and Elston, Chi- 
cago 18, Ill. 


(T-30) Moror CONTROLS—Catalog, 
27 pp, describes controls, starters, relays 
and contactors, full and reduced voltage 
starters, regulators. Allen-Bradley Co., 
136 W. Greenfield Ave., Milwaukee 
i, Wis 
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when you need a motor... contact DOERR 


Over 95% of Doerr's production consists of motors with one or more special features 


specialized ex- standard NEMA ratings, every motor 


Doerr's lon and [ 
Rely on pere precision-built to the highest standards o! 


perience to solve your problems. List your 
specifications. Then let Doerr prove how quality. ds 
easy it is to select and receive on-time de- Discover now why leading mac = 
livery of motors that exactly fill your need builders consistently re-order Doerr - о- 

Special features and modifications of all tors. Before you buy, just write or ca us 
types are available. Present castings, wind- in for a talk. More than likely — ur- 
ings and mountings can be adapted to solve nish the top-quality power package you 
new design problems at minimum cost. In 
addition, Doerr makes à complete line of 


want 


Gearmotor for agi 

е gitator dri ; 

m milk cooler. Кан chu броби diameter motor parts for 

на ча ою th cetigy cll lis. Drago 96 са machine motor. Low contour— 
igh torques—pleasing appearance 


Doerr motor with speci 
И pecial mounting ; : 
used on leading 10” tilting arbor — бесу pump moter. . . i 
ee to customer's spec- Special pump bracket eliminates 
ions. mounting and alignment 
Saves space and uh s 


t MORE with Doerr! 


Special and standard 
electric motors from 


1/30 t 
o 5 HP that ex- Write for New Bulletin DOERR 


Without Obligation Elia ОТИУ У 


CEDARBURG, WISCONSIN 
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KOHLER 
ENGINES 


4- СҮСІЕ • AIR-COOLED 


A Quality Engine for 
Quality Equipment 
Short Stroke 
and Wear 


* Less Friction 
* More Power 


* Longer Life 


Easy Starting 


| "ТШ | 
La 
M. 


=, 
elt 
~ < 
a 
N 


7 7 | 2S " b»: ad 
dE RS | kd n 
ae C» t 


[| 


Kohler Co., Kohler, Wis 


Теге 


UMBING FIX 
AIR-COOLED ENGINES * PRECISION CONTROL 


FOR FAST HELP ON DESIGN PROBLEMS 
consult the PRODUCT INDEX 


of this DESIGN DIGEST ISSUE 


(Begins on Page 12) 


Every product advertised in this issue is indexed there for ready 


reference. 
Among them may be exactly what you need right now 


The advertisements for all these products will give you many useful 
and more information is quickly available from each advertiser 


ideas... 
To get any additional facts you want, use the handy post cards in 
front of this issue, or the coupons you'll find at the end of each DESIGN 


DIGEST Section. 
Product Design Digest Issue 
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USE TIME-SAVING 
COUPONS BELOW 


‚ « . fo request further information on 


all products advertised in this Digest Section 


. . . fo request your copies of product catalogs 


and bulletins listed and described in this section 


Cyou will find similar coupons at the end of each Digest Section ) 


Consult the Product Index begin- 
ning on page 12, when you want 
all available information on a 
particular type of product; this 
Product Index is your guide to all 
advertisements in this Design Di- 
gest Issue by manufacturers of 
this type of product. 


Circle these numbers for further information about 
advertisers appearing in this section 


H26-7 H28-9 H30-1 H32 
H39  H40-1 H42 H43 
H49  H50 H51 H52 
HT60 HBL60 HBR60 H61 


Circle these numbers 
listed in this section 


T1 T2 T3 T4 
T13 
T22 


COMPANY 
BUSINESS ADDRESS 


CITY, STATE 


H33  H34-5 H36  H37 H38 
H44-5 H46 H47  HL48 HR48 
H53 H54-5 H56-7 H58 H59 
H62  H63 HT64 


for your copy of bulletins 


TS T6 T7 


If you have specific questions to ask about any 
product advertised, a letter direct to the manu- 
facturer, at the address given in his advertise- 
ment, will be welcome. For clarity and prompt 
service, include reference to PRODUCT ENGI- 
NEERING's Product Design Digest Issue, and 
page number of the advertisement prompting 
your letter. 


Circle these numbers for further information about 
advertisers appearing in this section 


H26-7 H28-9 H30-1 H32 H33  H34-5 H36  H37 H38 

H39  H40-1 H42 H43 H44-5 H46 H47  HL48 HR48 
H49 H50 H51 H52 H53  H54-5 H56-7 H58 H59 

HT60 HBL60 HBR60 H61 H62  H63  HT64 


Circle these numbers for your copy of bulletins 
listed in this section 


T1 T2 T3 T4 TS T6 T7 
T12 
T20 T25 


COMPANY 
BUSINESS ADDRESS 


CITY, STATE 





NEW BOOKS 
Electrical and Electronic Components 


Transistor Electronics by A. W. Lo, 
Richard O. Endres, J. Zawels, 
F. D. Waldbauer, and Cbung-Cbib 
Cbeng of RCA Laboratories. 6 x 834 
in., 521 pp. Publisbed by Prentice- 
Hall, Inc., Englewood Cliffs, N. J. 
$12. 


This book is the combined work of 
five authorities in the field of elec- 
tronics. It presents a fully integrated 
approach to the theory and practice of 
transistors and transistor circuits. 

First presented is a qualitative treat- 
ment of the physical concepts essential 
to understanding transistors. This is 
followed by analyses of fundamental 
transistor networks and circuits, also 
summarized in tabular form. 

A large number of illustrated repre- 
sentative Circuits are included to assist 
in an understanding of circuit opera- 
tion and practical circuit design. The 
book discusses transistor operation at 
high frequencies. Practical design pro- 
cedure for high frequency amplifiers, 
a detailed treatment of transistors in 
non-linear, large signal operation, and 
a full explanation of oscillators, modu- 
lators, and computor-type 
switching circuits are also included 


detectors 


Electrical Circuits by Charles S. 
Siskind, Assistant Professor, Purdue 
University. 94 х 614 in., 516 pp. 
Published by McGraw-Hill Book 


Co., 330 W. 42 St., New York 36, 
М. Ү. 96.75. 


Fundamental principles of electric 
and magnetic circuits for the engineer 
who wants to prepare for advanced 
studies in machinery, power distribu- 
tion systems, electronic circuits, con- 
trol equipment, and other devices of 
an electrical nature 

The material is divided into two 
major parts; one deals with circuits in 
d-c systems, while the other is con- 
cerned with circuits in a-c systems 

The electric and 
magnetic circuits involves a blending 
of descriptions and rigorous-mathemat- 
ical analyses. Emphasis is placed upon 
practical applications and operations, 
in connection with 
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presentation of 


which numerous 


examples of various circuits are worked 
out to illustrate significant points. 
Discussions are approached from the 
point of view of circuit arrangements 
encountered in the operation of prac- 
tical systems, devices and material. 


Electronic Engineering by Samuel 
Seely, Professor and Chairman, 
Dept. of Electrical Engineering, 
Syracuse University. 9V4 x 6V4 in., 
525 pp. Published by McGraw-Hill 
Book Co., 330 W. 42 St., New York 
36, N. Y. $8. 


Begins with a general introduction 
to tubes and tube circuit principles, 
and then proceeds into a detailed con- 
sideration of more important electron 
tube circuits in such diverse fields as 
radar, television, electronic control and 
instrumentation, and computers. Em- 
phasis is placed on physical 
mathematical analyses. 

In all analyses, care has been taken 
to include requisite reference condi- 
tions for potential polarities, current 
directions and transformer-winding 
sense. Although most of the text is 
devoted to circuit operation analysis, 
factors that must be considered in 
electron tube circuits and system syn- 


and 


thesis are also discussed. 

Occasional alternate methods of 
analysis of a given circuit are included 
and varied analytical methods are em- 
ployed in developing the material. 


Basic Processes of Gaseous Elec- 
tronics by Leonard B. Loeb, Profes- 
sor of Physics, University of Cali- 
fornia, Berkeley, Calif. 95 x 6V5 
in., 1012 pp. Publisbed by Univer- 
sity of California Press, Berkeley 4, 
Calif. $13.50. 


Deals with basic atomic, electronic, 
molecular and kinetic mechanisms 
leading to the electrical behavior of 
gases, and thus facilitates an under- 
standing of the actual properties of 
electrical breakdown in gases. 

The subjects considered in detail 
are: ionic mobilities, diffusion of car- 
riers in gases, velocities of electrons in 


gases, distribution of energy of elec- 
trons in a field, formation of negative 
ions, electrical conduction in gases, 
ionization by collision of electrons— 
the first Townsend coefficient. Simpli- 
fied kinetic-theoretical introductions to 
each topic are followed by accounts of 
more esoteric advances, based on recent 
experimental findings and theoretical 
developments. Detailed mathematical 
analyses are not included, but the ap- 
proach is sufficiently analytical to in- 
dicate the physical theory underlying 
the study. 

Although directed primarily to the 
physicist, chemist or engineer, the 
book is intelligible to readers with a 
knowledge of basic atomic structure 
and relatively little kinetic theory. 

Rapid advances in experimental 
physics have necessitated thorough re- 
consideration of fundamental proc- 
esses. The author and his collaborators 
present latest techniques and methods, 
together with a critical evaluation of 
results actually achieved 


Magnetic Amplifiers and Saturable 
Reactors by M. G. Say, Consulting 
Editor, Ph.D., M.Sc., M.I.E.E. 834 x 
5% in, 199 pp. Published by 
George Newnes, Ltd., Tower House, 
Southampton St., London, W. C. 2, 
England. $3. 


Book provides an understanding of 
how saturable reactors, magnetic am- 
plifiers and magnetic modulators func- 
tion and how they may be applied to 
particular problems. The information 
is authoritative and up to date. 

How magnetic amplifiers can be 
used as d-c or a-c amplifiers or as d-c 
to a-c converters in conjunction with, 
or in place of, relays and electronic 
tubes are described. Some typical ap- 
plications discussed are: servo systems 
or amplifiers for use with d-c split- 
field and a-c split-phase motors and 
control fields of rotating amplifiers; 
temperature recording, control and 
alarm, recording of gas flow, photo- 
electronic counters, voltage and fre- 
quency control of machines, automatic 
control of battery charging or of street 
lighting, and sensitive relays. 
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Electrical 


and Electronic 


Components 


Magnetic Amplifiers in Heavy-Duty Systems by Ulrik Krabbe 


Switches for Miniature and Transistorized Equipments by George C. Jakubowski 


Basic Timer Components and Their Characteristics by J. E. Graham 


Packaged Electrical and Electronic Components by Barney J. O'Neill 


Applications for Permanent Magnets 


Fundamental Types of Permanent Magnets 


Printed Circuits for Electrical Equipment by Donald E. Gray, Jr 


Power Transformer Design Charts by Reuben Lee and N. E. Mullinix 


Photoelectic Controls 


General 
Engineering 


Metals and 
Alloys 


Nonmeta!lic 
Materials and 
Finishes 


Fabrication 
and Production 
Processes 


Power 
Transmission 


Mechanical 
Parts and Design 
Analysis 


Fastening 
and Joining 


Motors, Engines 
and Controls 


Electrical 
and Electronic 
Components 


Hydraulic 
and Pneumatic 
Equipment 





Supply ac 


Oc contro/ 
signo! 


Oc contro! 
signal 


From: Control Engineering 


Supply ac 


Fig. 1 


Supply ac 


(Left)—Basic circuits 


for single phase heavy-duty 


Fig. 2 


magnetic amplifier operation 
Both of these circuits represent 
self-saturated operation. 


Contro/ 
windings 


(Right) — Convenient 


schematic diagram for repre- 
senting a single phase heavy- 
duty magnetic amplifier in a 
typical basic circuit. 


Magnetic Amplifiers 


In Heavy-Duty Systems 


ULRIK KRABBE, Consultant 


Allis-Chalmers Manufacturing Company 


MAGNETIC AMPLIFIERS are available 
in ratings from a few watts to kilo 
watts. But design and applications fac- 
tors vary widely over this range. In 
the small units, size, weight, and speed 
of response are paramount, while 
in the high-power amplifiers, more 
thought goes into material economy 
and efficiency. 

Heavy duty magnetic amplifiers are 
controlling rotating electrical machin- 
ery on rolling mills, processing lines, 
machine tools, and diesel electric loco 
motives. Thus they invade the area of 
rotating amplifiers, mechanical rheo- 
stats, and other heavy-duty 
equipment. 

In heavy industrial applications, the 
power from a magnetic amplifier usu- 
ally supplies the field of a rotating 
machine or the armature of a d-c 
motor. The control signals to the am- 
plifier control windings come from 
tachometers, current-measuring devices, 
and temperature-measuring devices 
The ways that the magnetic amplifier 
is driven by these various signals deter- 
mine the characteristics of the control 


{2 


control 


system. Thus there are two separate 
application problems: (1) To handle 
signals from various sources, mix them, 
and feed them into a magnetic am- 
plifier; and (2) To feed power from a 
magnetic amplifier into a machine. 

Two basic circuits for single-phase 
heavy duty magnetic amplifier opera 
tion are shown in Fig. 1. Both are 
self-saturated. In the simpler diagram 
of Fig. 2 is shown a convenient way 
of schematically representing either 
connection 

The characteristic curve, Fig. 3 curve 
A, for a magnetic amplifier normally 
shows either output voltage or current 
as a function of ampere-turns in the 
control winding. This curve indicates 
a property that is undesirable in many 
applications. The no-load current in 
creases when the control winding is 
supplied with an increasing reverse 
d-c signal. 

When a magnetic amplifier is used 
in a feedback control system and is 
operating on the steep part of the 
curve, a transient on the reverse side 
of the curve will give an action oppo- 
site to that desired and sometimes 
limits amplifier application. A high 
ratio of copper to iron in the am- 


plifier will reduce this action but 
cannot eliminate it 

With direct feedback from the out 
put to the input of the amplifier, the 
characteristic curve can be changed 
Curve B in Fig. 3 shows the eftect of 
positive feedback, curve ( 
feedback. A symmetrical performance 


negativ е 


characteristic, curve D, is given by а 
magnetic amplifier without self-satu 
ration. 

Some important relations 
readily derived for a magnetic ampli- 
fier with the same number of turns on 
the control winding as on the a- 
winding. Let A, be current gain (the 
ratio of the change in output current 
to a corresponding change in control 
current), and Ay the voltage gain 


can be 


(the ratio of the change in output 
voltage, neglecting the internal IR 
drop, to the change of signal voltage 
Then the power gain Ap is 


1, 1/4, 


Where f is the supply frequency, 


from magnetic amplifier theory, the 


time constant T is 
T 
Combining Eqs (1) and 


Ap/T =A,(2f 

This relation determines a property 
of the magnetic amplifier that is inde- 
pendent of the control circuit. By 
properly designing the control circuit, 
it is possible to vary T and A, over a 
wide range, but the ratio A,/T cannot 

When magnetic amplifiers of cur- 
rently available oriented silicon steel 
operate at 60 cps supply frequency, 
A,/T varies from 10,000 to 25,000 in 
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AND ELECTRONIC COMPONENTS 


| ELECTRICAL 


Output voltage Control signal 


o 
Fig. ) — Characteristic 
curves for magnetic am- 
plifiers based on type of 
feed-back control system 
and with or without self- 
saturation. 


Supply ac 
^ 


Fig. 4 (Right) — Single 


Supply ac 


phase and three-phase mag- 
netic 


amplifier systems for 


the armature control of di- 
rect current motors 





Control ampere-turns 


the range of 10 to 10,000 watts. The 
limitation in the value of A,/T 
the fault of 
The leakage current of selenium recti- 


is not 


the iron material alone 


fiers also limits the value of A;. Too 
large an A; means that the amplifica- 
tion will be affected as the leakage 
current increases with rectifier aging 
The utilization of metallic germanium 
and silicon rectifiers in properly de 
signed circuits eliminate this problem 


Economics of Selection 


When a heavy-duty magnetic am 
plifier is required, the selection of the 
specific equipment from a cost stand 
point depends mostly on the power 
range. The 
phase and three-phase equipment is 


choice between single 
determined by the cheapest combina 


tion of rectifiers and magnetic cores 
that will supply the required output 
power 

Above a the 
price per kw for a metallic rectifier 


varies little with rating. The price per 


certain power level, 


kw for a three-phase rectifier is roughly 
two-thirds that of a single-phase recti 
The price kva of 

decreases with 


fier per magnetic 


cores increased size; 


this also holds true for transformers 
and rotating machines. The price per 
kva, however, is higher for three-phase 
magnetic-amplifier 
single-phase cores 

In small units, therefore, where the 
cost of the cores is a dominant factor, 
it is cheaper to use single-phase am- 
plifiers. But for higher ratings, where 
rectifier price is a factor, a three-phase 
amplifier is cheaper. The rating at 
which the price curves cross each other 
depends on the way the cores are made, 


cores than for 
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the number of control windings, and 
Roughly, below 1 kw 


rating the single-phase is the cheaper; 


amplification 


and above 5 kw rating the three-phase 
is the cheaper 

The present 
metallic rectifiers 


prices of cores and 


give the 
types of amplifiers a competitive ad 


vantage in the higher ratings. But the 


rotating 


new types of metallic rectifiers, such 
as germanium and silicon, may change 
conditions. The price per kw for these 
rectifiers will favor magnetic amplifiers 
rather than rotating machinery. Gen 
erally, germanium and silicon units 
have less overload capacity than that 
inherent in the selenium rectifiers 


Armature Control of a D-C Machine 


For heavy-duty variable speed drives 
certain 
better to use a magnetic amplifier than 
One 
the maintenance of rotating machinery 
as compared to that of magnetic am 
plifiers. In Fig 
phase and three-phase magnetic am- 
plifier systems that can vary and con 
trol the speed of d-c motors 

The important system design factors 
are the following 
e The ripple in the output from the 
rectifiers, resulting in a high harmonic 


within a power range, it is 


a motor-generator set factor is 


í are shown single- 


content in the armature current, in 
creases the losses both in the armature 
itself and in the magnetic amplifier 
cores. Therefore, for the single-phase 
amplifier it is advisable to use a 
smoothing reactor in the d-c side of 
the rectifier 

e When a d-c motor is running under 
a light load it acts like a capacitor. For 
this reason, the no-load d-c voltage will 


1956 


v 


rise to a value close to the peak of the 
rectified a-c voltage 
e Since 


ally 


the peak, it is sometimes difficult to 


a magnetic amplifier gener 


controls the average rather than 


reduce the output voltage. Therefore 


even with a three-phase supply, 


smoothing reactor may be needed to 
permit control of 


motor speed 2 na 


load operation 
e A rectifier supplies power from the 
But 


it is a one-way device and cannot con 


a-c line to the motor armature 
vert d-c power to a-c power. This limits 


contro] where overhauling loads are 


encountered and dynamic braking is 
required. 

For example, when a winch is hoist 
ing, the a-c supply feeds power through 
the variable speed control to the d« 
motor; but when lowering, the power 
conditions depend on the load. With 
no load on the hook, the rectifier sup 
plies power to the motor to overcome 


When a 


hook exceeds a certain value 


friction losses load on the 
, the motor 
acts like a generator and since it cannot 
send current back into the line through 
the rectifier, it accelerates, overspeeds, 
and generates an overvoltage that may 
damage the rectifier. Furthermore, 
control over the speed is lost 

This example is similar to that of 
the automatic speed control of high 
inertia motor-driven devices, where it 
is impossible to rapidly reduce the 
speed. Dynamic braking can be ob 
tained by placing a resistor in parallel 
with the armature, but arrange- 
ment reduces efficiency. A switch can 
connect the resistor for braking but is 


only recommended 


this 


when speed is 


under manua! control 


{з 





Contro/ 
signa/ 


Magnetic amplifier circuits 
field control. — (A) 
Push-pull circuit feeding a field. - 
(B) Rectifiers are connected in par- 
allel —(C) Circuit for a split field 
machine (D) One amplifier re- 
fixed bias.—(E) Field 
is split in two parts and arranged in 


Fig. 5 
for reversing 


placed by à 


a bridge in this improved system 


Field Control of Machines 


Heavy 


most often control the field of a rotat- 


duty magnetic amplifiers 


ing machine. It may be a motor, a 
generator, a d-c machine, or an a-c 
machine. Two 


synchronous types of 


field control are used. One, where con 


trol is in one direction, is normally 
used for synchronous machines and d-c 
motors 

The second type, where field is con 


tinuously varied from rated positive 
value, through zero, to rated negative 
value, is used to control some gener 
ators in variable speed drives as well 
as the field of rotating amplifiers. Since 
this control is complex, it is important 


to choose the right system 


Five systems for reversing-field con 


trol are shown in Fig Since a mag- 


netic amplifier cannot change output 


polarity, two amplifiers must be used 
In Fig. 5(A) is 


amplifier circuit feeding a field 


shown a push-pull 
Re- 
sistors must cross each rectifier so that 


one rectifier does not block the other 


This 


each magnetic amplifier must have an 


arrangement is inefficient 


since 


output rating that is seven times the 


power required by the field winding 
The system shown in Fig. 5(B) is 


similar except that the rectifiers are 


connected in parallel. Its efficiency is 


also low. Here resistors are 


necessary 


to prevent one rectifier from short 


circuiting the other 
The circuit shown in Fig. 5(C) is 


used with a split-field machine. Each 


l4 


Control 


signa! 


Control 
signa! 


of the two amplifiers drives one-half 
of the field and is rated at twice the 
power of the original field. This system 
has three disadvantages 

e When one amplifier is delivering 
rated power, the ripple in the supply 
induce voltages in the 


When 
reduce the net 


voltage will 
other field winding rectified, 
these will 
This can be prevented by using series 


reactors in each of the field windings 


excitation 


e Two windings are required on each 
pole to avoid commutation trouble. 
This field 
winding 

e The heat that must be dissipated 


results in an expensive 


from the field windings is doubled. If 
the machine is to run continuously, 
For 
this reason, this system is only recom 


it may be necessary to derate it 


mended for smaller machines the de- 
rating of which is not too expensive 

In the circuit shown in Fig. 5(D), 
one amplifier is replaced by a fixed bias 
on one winding. When the two fields 
are balanced (zero net field ), each field 
winding carries a current correspond- 
ing to normal field, or a total of double 
the power that was needed in the 
original field. When the magnetic am- 
plifier’s output is zero, the machine 
voltage is at rated in one direction 
When the magnetic amplifier's output 
is twice the current corresponding to 
normal field, the machine voltage is 
at rated in the opposite direction. The 
magnetic amplifier must be rated at 
eight times the power required in the 
original field. Hence, it is necessary to 


Control _ 
sıgnal r 


Supply oc 


derate the machine 

This witn 
rotating amplifiers where the armature 
the self- 
IS Satis 


capacity of the 


system has been used 


is connected in series with 
excited field of an exciter. It 
factory in this application because the 
amplifier needs 


rotating to supply 


voltage only during transient con- 


ditions 
A recently developed and better 


S(E). The 


field is split in two parts and arranged 


system is shown in Fig 


in a bridge, with the two resistors 
having the same resistance as the field 
Thus the two rectifiers can supply the 
two fields independently and in op- 
posite directions. To prevent induced 
ripple voltage from one rectifier being 
rectified by the other rectifier, block- 
ing reactors are included 

The advantage of this system over 
the circuit shown in Fig. 5(C) is that 
the heat to be dissipated in the field 
Therefore, it is not 
machine. In 


is not increased 


necessary to derate the 
addition, the two parts of the field 
that 
winding consists of the coils on one 
half of the poles, and the other the 


coils on the other half of the poles. 


carry the same current, so one 


Current Limiting in Variable 


Speed Drives 


Limiting the armature current of 
motors and their driving generators is 
an important control function in vari- 
able speed drives. For example, motor- 
driven winches often require current- 
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Fie/d current 


Armature current 


Fig. 6—Field current and armature cur 
rent characteristic 
Fig. 7 as obtained with various switching 
arrangements or closed combinations. 


curves for circuit in 


Fig. 7—Winch control system with bi 
current 
are operated from a manual controller 


limiting. The switches 


limiting control for both acceleration 
and deceleration 

In a simple variable speed drive with 
a fixed motor field, speed can be con 
trolled Ьу field 
strength. By starting with a low field 


varying generator 
forward arma- 
If the field 
is increased too rapidly, the current 


and then increasing it, 
ture current is generated 


will become excessive since the motor 
speed cannot increase rapidly enough 
to generate sufficient counter emf. If 
the field is reduced rapidly, regen 
erative braking occurs when the motor 
feeds power into the generator. Then 
excessive reverse armature current may 
be developed. For this 
current-limiting devices must be bi- 


reason, many 


lateral: an overcurrent in the forward 


direction tends to decrease the 


field, and a 


gen- 
erator 
current tends to increase it 

In Fig. 
system with bilateral current limiting; 
speed is controlled in manually set 
increments. The 
driven by a self-saturated 
amplifier, controlled directly by arma- 
ture current and biased by another 
winding. This magnetic amplifier con 
sists of three parts connected in series 
The three parts of the core stacking 


reverse armature 


is shown a winch control 


generator field is 


magnetic 


have a common a-c winding and a 
common armature 
Each part has its own bias winding 


The 


switches a to d reverse the bias in one 


current winding 


system is connected so that 


or more of the amplifiers. The curves 
in Fig. 6 show the field current vs 
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armature current characteristics when 


various combinations ot switches are 
closed. Curve B is obtained when con 
The 


working range appears as shown be 


i : 
tact 4 is closed curve for the 


cause one of the amplifiers is saturated. 
Where two neighboring contacts are 
closed at the same time, the 
marked A and B, B апа ‹ 


D apply 


curves 
and C and 

The system fulfills the requirements 
for manual control of speed and bi- 
lateral current-limiting action except 
at one point. At this point, the lowest 
speed setting, the field will increase 
with increased forward armature cur- 
rent as a result of the undesirable shape 
of the magnetic amplifier curve with 
reverse signals. If the armature reac 
tion of the generator and the IR drop 
in the armature circuit are not high, 
it may be necessary to supply a weak 
series winding on the generator for 
complete overcurrent protection 

To increase the speed of the motor 
with no load on the hook, the complete 
winch control system includes mag- 
netic amplifier control of the motor 
field to get field weakening action on 
some of the hoisting steps 

One advantage of magnetic ampli- 
fier control systems is that all control 
with a 


switching is accomplished 


master controller at low currents 


Rotating Amplifiers 


In a large variable speed system, the 
cost of motor and generator normally 


1956 
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is considerable compared to that of the 
control equipment. The best possible 
utilization of the machinery, therefore, 
is important. In heavy-duty variable 
speed drives, the designer must decide 
whether the machine field should be 
controlled directly with magnetic am 
plifiers, or whether a magnetic ampli 
her field of an 
exciter feeding the machine field 


should control the 

The method of controlling the motor 
and generator depends on the load con 
ditions. When the load torque varies 
with speed, both motor and generator 
fields are controlled to get the most 
economical machine rating. This meth 
od of controlling the motor and the 
generator is typical of that utilized 
mill and 


motive applications 


in steel diesel-electric loco 


In most applications, the motor field 


is not reversed and usually does not 


than 4 го 1. In others, 
field not be 
Note that nonreversing ap 


vary by more 


1 generator may be or 
reversed 
plications of a rotating machine do not 
Mag 


netic amplifiers, however, are inefficient 


fully utilize a rotating amplifier 


in reversing current applications 

For this reason, it is both practical 
and economical to use magnetic am 
plifiers to supply fields for even the 
largest nonreversing variable speed 
motors. This theory also recognizes the 
advantages of reliability and high gain 
The same is true for nonreversing gen 
When a 


reversed and the field power exceeds 


erators generator is to be 
2 kw, however, it is generally best to 
use an exciter 

One argument for rotating ampli 
fiers is that in some closed-loop appli- 
feedback 
must be derived from the amplifier 


cations stabilizing 


signals 
These signals are usually obtained from 


air-gap transformers that de- 


give a 
rivative of the output voltage. It is 
difficult at times, however, to derive 
a useful feedback signal from a mag- 


netic because of 


amplifier ripples 


from the a-c supply. These ripples, 
magnified by the air-gap transformers, 
normally cause a large error in the 
feedback signal. It is possible to derive 
a useful with 


amplifier, 


signal 
but generally 
single-phase units. Any filter circuit 
will alter the phase of the stabilizing 
feedback signal 


a three-phase 


not with 
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"Magnetic Amplifiers Invade Heavy-Duty 
Systems” by Ulrik Krabbe; Control Engi 
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From: Electronic Components Conference 


Fig. 1 ( Above) —Miniature panel sealed toggle switch. Its total 
volume is only 55 per cent of that of its military equivalent 


Fig. 2 


(Right) — Sectional view of miniature toggle switch 


showing mechanism and method of sealing toggle lever 


Switches for Miniature and 


GEORGE C. JAKUBOWSKI* 


Signal Corps Engineering Laboratories 
PRIOR TO THE CURRENT TREND tO- 
ward the miniaturization of electrical 
and electronic components, switches 
were primarily designed to make and 
break relatively severe electrical loads. 
Size and weight considerations were 
secondary to the ability to withstand 
heavy duty operation. With the advent 
of subminiature tubes, printed circuit 
techniques, and transistors, however, 
small lightweight switches must be of 
a design compatible with newly de- 
veloped components and techniques. 

To fill this need and to correct sev- 
eral deficiencies found in the utiliza- 
tion of heavy duty switches, the Signal 
Corps Engineering Laboratories initi- 
ated several programs. In these projects, 
significant results have been achieved 
in the development of a miniature 
toggle switch, a subminiature toggle 
switch, and a subminiature rotary 
switch for conventional and printed 
circuit wiring. 

The first attempt at miniaturizing 


* The data presented here are those of 
the author and are not to be construed as 
official data released by The Department of 
The Army. 


le 


the military type toggle switches was 
to develop a switch which would be 
one-half the physical size of a standard 
MS-35059 type switch without any 
electrical derating. 

The switch, shown in Fig. 1, was 
the result. It utilizes the conventional 
15/32 in. threaded bushing for mount- 
ing and has a double-pole double- 
throw switching characteristic. When 
mounted to a panel, the switch projec- 
tion behind the panel is only V5 in 
This is almost a 50 per cent reduction 
over the projection of the MS-35058 
and MS-35059 types heretofore pre- 
ferred in Signal Corps equipments. 
The width of the switch is 11/16 in 
and its total volume is only 55 per 
cent of that of the military equivalent. 

Another aim of this project was to 
provide the switch with an integral 
through-panel seal The new switch 
utilizes a silicone rubber seal molded 
into the opening around the toggle 
lever and a rubber O-ring on the base 
of the panel mounting bushing. In 
Fig. 2 a better view of this sealing 
method is shown. 

These seals have proven to be effec- 
tive over the temperature range of 

55 C to 4-85 C, and differential 
pressures greatly in excess of the re- 
quired 14 psi. In experimental tests 


conducted by the contractor during the 
development work, the seal withstood 
240 psi statically and was operated for 
150,000 cycles at a pressure of 90 psi 
without failure. 

The mechanism of this switch is 
such that the contact action is virtually 
impossible to “tease”. Snap action is 
produced by the coil spring suspended 
in the mounting bushing. When this 
spring is shifted by the toggle lever, 
a rotary motion is imparted to the con- 
tact actuator which in turn moves the 
contacts from one position to the other. 

The coil spring remains under com- 
pression at all times, thus maintaining 
pressure on the contacts in the over- 
travel position. This overtravel pressure 
insures firm contact even when the 
switch is exposed to vibration and 
shock. Contact pressures in the order 
of 450 grams are common in this 
switch 

Construction of the switch is such 
that no rivets or secondary contact 
members are in the electrical current 
path. The plastics parts are melamine. 
Excluding the terminals, contacts, and 
contact springs, the metal parts are 
stainless steel. 

This switch is being produced by 
one switch manufacturer. He is con- 
sidering supplying the switch in other 
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Fig. 3—Subminiature single-pole, double-pole toggle switches and rubber boot. 


switching characteristics such as mo- 
mentary operation and center off types 
Two other designs are also under con- 
sideration: one with the terminals 
projecting from the rear of the switch; 
and another that is completely herme- 
tically sealed 

Although satisfactory for 
tional heavy duty applications, the 
was still too 


conven- 


switch shown in Fig. 1 
large and heavily rated for the new 
transistorized and subminiature equip- 
ment applications. 

A second program, therefore, was 
initiated to develop and design sub- 
miniature watertight toggle switches 
suitable for use in miniaturized elec- 
tronic equipment. The primary pur- 
pose of the design was to insure stable 
and reliable operation and long service 
under conditions of high and low tem- 
peratures, humidity, shock and vibra- 
tion. Meeting these conditions of per- 
formance was to be achieved in the 
smallest practical volume. 

In Fig. 5 are shown the single-pole 
double-throw and double-pole double- 
throw switches that resulted from this 
development work. These switches 
utilize a 1⁄4 in. mounting bushing. In- 
cluding the terminals, they project 
slightly more than 14 in. behind the 
panel. The volume of the single pole 


Transistorized Equipments 


switch is 0.039 cu in. which is less than 
10 per cent of the physical volume of 
the standard military type single pole 
switch. The double pole switch is 14 
per cent of the physical volume of its 
military equivalent. 

While the original intention was to 
provide these switches with an integral 
toggle lever seal such as that shown in 
Fig. 2, molding a rubber seal within 
the bushing was found to be imprac- 
tical because of the severe space limita 
tions. Other sealing methods were tried 
but all were abandoned 
impeded the action of the toggle lever 
The final decision was to utilize a rub- 
ber boot, shown on the right in Fig. 3, 
to provide a panel seal 

The action of this switch is shown 
in Fig. 4. The position of the pivoted 
member, on which the movable con- 
tacts are mounted, is dependent on the 
position of the toggle lever. The rate 
of motion of the pivoted member, 
however, is dependent on the spring 
loaded plunger in the lever. The force 
of the spring acting through the 
plunger and intermediate pin passes 
to the right of the pivot point, thus 
causing the movable contact arm to 
assume the position shown. 

As the toggle lever is moved to the 
left, the force line reaches a point 


since each 
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Fig. 4—Sectional view of subminiature 
toggle switch showing mechanism and 
method of actuating contacts. 


D OY 
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where it passes through the pivot. As 
the force line moves from 
stable position to the left of the pivot 
point, the arm is tipped to the left 
After the force passes over the pivot 
point, the action is independent of 
further motion of the toggle lever 
The lever then moves to its rest posi- 
tion at the left and makes the contact 
arm position more stable 

When the original 
were written for this development, a 
survey revealed that a desirable elec- 
trical rating of this switch would be 
L5 amp at 50 volts d-c, resistive load 
Endurance tests on final design models 
showed that the life of the switches 
exceeded the specified 10,000 cycles at 
this rating 

Two companies arc currently manu- 
facturing these switches. These manu- 
facturers are considering supplying 
these switches in center-off and mo 
mentary switching characteristics. Both 
sources can supply the switches with 
printed circuit lugs. 

Among the items developed in es- 
tablishing a family of electro-mechan- 
ical devices suitable for printed circuit 
systems is a rotary switch. This switch, 
shown in Fig. 5, is a two pole, twelve 
position switch that utilizes a printed 
circuit pattern (shown on the right) 


{7 
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requirements 





Fig. 5 (Above) —Two pole twelve position rotary switch developed for printed circuit appli- 
cations. Fig. 6 (Right) —One deck and six deck, six position, subminiature rotary switches 


’ » 


Fig. 


for the stator. Stiff protruding ter 
minals are provided for ease of loading 
on a printed circuit board. The stator 


however, could be an integral part of 


the printed circuit pattern and the 
terminals eliminated 
The detent and rotor assembly of 


this switch are shown in the center 
view. This assembly is a complete unit; 
it can be used either with the printed 
stator shown or can be mounted di 
rectly to a printed circuit board on 
which the stator has been “printed 
The action of the switch is such that 
the movable contact is lifted from one 
this ac- 
lifted by 


the detent balls riding in and out of 


stator contact to another. In 


tion, the rotor assembly is 
the teeth on the indexing ring. This 
type of contacting is necessary because 
the sharp edges of the printed stator 
would cause excessive abrasion of the 
moving contact. Also, since the printed 
stator contacts are relatively thin, the 
movable contacts would touch the base 
insulating material and thus with pro 
longed arcing under load would even 
tually carbonize the material 

The switch is capable of making and 
breaking a resistive load of 100 milli- 
amperes at 200 volts d-c 
have been made in this design to ob- 
tain the following combinations of 


Prov isions 


poles and positions: one pole, 24 posi- 


tions; two poles, 12 positions; 3 poles, 


13 


7—Detent, printed circuit rotor, and contact assembly of 
one pole, six position, subminiature rotary switch. 


8 positions; and 4 poles, 6 positions 

Another development is a panel 
sealed, subminiature, multiple water 
rotary switch. In fig 6 is shown a 
single wafer and a multiple wafer 


The diameter of the switch is 


type 
L5 jn. excluding the terminals; the 
mounting bushing is l4 in.; and the 
shaft ¥g inch 

All the complex switching combina 
tions possible by a six terminal rotary 
switch of the conventional “radio” type 
can be obtained with the single wafer 
The six deck- 


six terminal switch 


switch, Fig. 6, is made by extending the 


shaft and the side rods of the one deck 
unit, and attaching five wafers. These 
switches are rated at 50 volts d-c and 
0.100 amp resistive load 

An O-ring within the bushing and 
a rubber washer around the base of the 
bushing seal the bushing and shaft 
This seal proved to be effective when 
subjected to a pressure differential of 
14 psi for one hour after the switches 
were endurance tested for 10,000 cycles 

One main feature of the switch is 
the photo-etched rotor which permits 
considerable flexibility in the design of 
the rotor pattern. This rotor, a one pole 
six position type, is shown in the center 
of Fig. 7. Complex switching can be 
obtained with the selection of a printed 
rotor and with combinations of long 
By using metal 


and short terminals 


Fig. 8—Subminiature rotary switch for printed circuit applica- 
tions. Housing has three pins for attachment to circuit pattern 


islands in the rotor, the contact dimples 
were prevented from sliding on and 
insulation. Endurance 


little 


abrading the 


tests resulted in wear and prac 
tically no carbonization 

The detent assembly, shown in Fig 
to the left of the 


hexagonal cam operating between flat 


rotor, contains a 
springs. The torque required to index 
the shaft from one position to the next 
ranges from 13 to 19 ounce-inches 

A printed circuit version of this 
switch is shown in Fig. 8; it does not 
have a panel mounting bushing, and 
consequently no through panel seal 
Its terminals protrude from the rear of 
the switch to enable the component to 
be loaded into a printed circuit board 
In addition, this switch has three pins, 
which are extensions of the housing, 
that are utilized to mount the switch 
firmly to the printed circuit pattern 

With the completion of these pro 
grams, switching components are being 
made available which are more suitable 
in respect to size and rating for use in 
the more recent miniature and tran 
sistor equipments. The quality and per 
formance of the components are better 
than was expected prior to the initia 
tion of Each 
developed has some unique or novel 
feaure which will perhaps be utilized 
or serve as a design guide in future 


work in the field of switches 


these projects switch 
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Basic Timer Components 


And Their Characteristics 


GRAHAM, Bendix Aviation Corporation 


A TIMER THAT CONTROLS functions be a 


simple time switch that opens or closes electrical circuits 


pre Cess may 
according to the time of day, or it may be a program con 


troller that introduces a series of time intervals into the 
operation of a process 

To perform its functions, every timer must have com 
ponent parts that serve as 

e Timing Means (measuring and driving )—Times 


and drives the unit. It determines the range and accuracy 


of the timer 


e Starting Means 
that initiates timing 


The manual or automatic impulse 


TIMER SELEC( 


LENGTH AND RANGE OF TIME INTERVALS 
Depends on choice of driving means. Mo 
best for inter If 


position and 
restoration 
irives 


tor-driven timers usually are electric 


vals over 3 min, electronic types for inter power 


vals of 1 sec or less 


TION FAC 


resumes 


or continues without pause 


failure an au 


s required, such as an automatic electrically 


e Setting and Control Means—Act 
cts and is adjustable to obtain the desir« 


e Load Contacts—Control the externa 
a form of electric or pneumatic switch. They 
and the controlled process 
e Indicating Means—Gives 
Most timers have 
Id 


IS not critical or seidom a 1) ISI 


elapsed time 


Information concerning 


comparative characteristics 


the following pages 


TORS 


timing on ) ycle tim 
matically 

je alter the spec 
ng means сүс 


either imm 


wound spring drive Operating characteris in external 


AND REPEAT ACCURACY 


j 1 
depends on the 


SETTING Setting tics on power 


accuracy readability and 


calibration of indicating dials and scales 


and on lost motion in component parts. If NATURE Ol 


settings are to be altered frequently, blind 


or awkward adjusting means such as split 


cams, stop screws, change gears, and cams ircuit. Electric 

should be avoided г frequency 

Repeat accuracy depends on the choice 
of driving means. 

locations. Hydraulic 

POWER SOURCI 


best source for motor-driven timers because 


Frequency-controlled a-c is 


Make sure there 


of its inherent timing characteristics. Except l 


for capacitor and flux-decay relays, a-c is 


also suitable for most driving means. In relay 


relay devices, constant voltage is more im 
portant than constant frequency 
D-c motors are larger, more expensive FUNCTIONS 


less reliable, and less accurate 


irives. It is often cheaper to convert d-c t 


a-c. Where high torque is not required, the 


inaccuracies of d-c or unregulated a-c can INITIATION OI 
be overcome by using electrically-wound 
escapement-regulated spring motors tric, | 


or closing of control circuits 


POWER FAILURE. If fails, timer 
resets either fully or partially, depending on 
inherent resetting period and duration of 


power interruption, 


power 


stays in interrupted stops at the end of 


* Based on material to be published in the forthcoming “Instru 
M. Considine, Editor-in-Chief; McGraw-Hill Book Ci 
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failure 


portant in selection of reset timers 


perating medium of the controlled equip 


ment determines the form 


load 
must be wired separately. Air is 


operators are 


tacts or poppet valves 


devices are used 


in setting specifications 


TIMING 
manually or automatically 


by the momentary or sustained opening 


ACTION ON COMPLETION OF TIMING. A \ 
timer either repeats its cycle continually or — €'ectronic time 


one cycle 


mentation and (x 


are particularly im 
SCHEDULE 


CONTROLLED CIRCUITS a timer with f 


pe nent wear 
timer load ating 


uits with voltage 


different from driving means 


ised where 


process valves are operated, or in hazardous 


ompact 


and give high operating forces 


t 


cuits and they have adequ: 


NUMBERS, SEQUENCE, AND DURATION OF 
PERFORMED. If the control 


than a- cycle is complex, a timing 


liagrfam ass 


Timers are starte 
If they are elec LIFE 
moving 


EXPECTANCY. Th« 


агї the ne 


Repeat cycie timers 
timers with clutches 


motors w 


than a 


motor 


Most st р 
number of 
high. Flu» 

| Handbook Douglas > : 


| ! 
relays. Seale 
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Signal input 





Circuit diagram of a typical a-c 


( Left) —Schematic of one channel of a typical 
signal amplifier 


-Schematic circuit and wiring dia 


gram of a phase detector 


Packaged Electrical and 


Electronic Components 


BARNEY J. O'NEILL 


Magnetic Amplifiers, Inc 


ELECTROMECHANICAL ELEMENTS are 
designed into a wide variety of com 
puting and automatic control systems 
These systems vary in complexity from 
simple remote positioning servomc 
chanisms to systems employing multi 
ple computing and control functions 

In the design of such 
whether it is simple or complex, it is 
frequently of advantage to assemble 
the system from available packaged 
components than to start design work 


by laying out each unit circuit sepa 


systems, 


rately 

Standardized mechanical and electro- 
mechanical components have been 
available for some time. Recently 
functional electrical and electronic 


packages appeared. By using these 


packaged functions, plus mechanical 
and electro-mechanical components, the 
design of many control systems can be 
facilitated 

Savings in time and cost are possible 
advantages in designing around pack 
aged units. The designer can empha 
size the overall system and 
А breadboard or prototype 
system can be assembled quickly and 


tested with a minimum of time-con 


its per 


tormance 


suming circuit design 

Production economies are also real 
ized when packaged units are used 
Assembly and wiring become simple 
So does testing and trouble shooting 
These operations can be reduced to 
routine procedures handled by 
tively unskilled personnel 

Maintenance and trouble 
operations in the field are easier. Faulty 
plug-in units can be replaced with a 


rela 


shooting 
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minimum loss of operating time. The 
I ] I 


lefective unit can be discarded, or r« 


paired when convenient. In addition 


ilready 
eh 


packaged circuit element 


field 


i | 


have been tested enhance ( 


reliability of a svstem 


and 


In standardizing packaging th« 
functions of an electromechani 
puter or control system 
ments fall into thre« 
1. Mechanical 
Electromechanical 
I lectrical an 1 electron 
The 


items as 


mechanical element 


5 ich gcars 


| 


| 1 
linkages, slip clutches, an 


manufacturers ofter extensive 


nn t apt 
In mos PI 


of these devices 


electromechanical equipment 


lesigned so that the use of spe 


1 


lin 


small number of specialized 
1 


mechanical elements is Tie 


functions 


The electromechanical elements com- 
mon in computer and control systems 
servo synchros, re- 


include motors, 


solvers, resistance potentiometers, in 


duction potentiometers and tachometer 
These devices are available 
Many 
aspects of their mechanical and elec 

trical design have been standardized so 
that different makes often can be used 


interchangeably 


generators 


in many ratings and accuracies 


Rarely is there a real 
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Phose displacement 


befween Ep ond Е, 


Eo ( Output dc) 
E, ( Reference oc) 





2E, 
OSE, 


+ + 


180 





need for a specially designed item of 


this type in an analog computer of 
instrument servo system 


A look at the 


tronic elements of a computer or con 


electrical and elec 
trol system reveals that these units vary 
in an almost infinite number of details 
To achieve any degree of standardiza 
tion, it is necessary to break down the 
limited number of 


functions into a 


classifications. Basic functions that de 


scribe most of the major electronic 


elements of a system include the fol 
lowing 

l. Amplification of a-c signals 

. Amplification of d-c signals 
3. Phase detection 
Í. Power amplification for servo 
motor control 

5. Gain compensation 

6. Frequency sensitive circuits such 
as filters and servo stabilizing circuits 

Power supplies 

Although standard frequency sensi 
tive circuits and power supplies ar: 
available to some extent, this discus- 
sion will be limited to packaged com- 
ponents for the first five of the fore 
going functions. The discussion is illus 
trated with circuit and block diagrams 
of the elements and includes a descrip- 


tion of the basic functions of each. 


120 


E, (Reference ac 


Phose displocement deg 


I20 


240 


Reference 


Ac input signal 
(400 cps),E, 


Ac gain adjust- 
ing signal, £5 P 


Fig 5 


1.5 
Е, [input } 


supply, 400 cps 


Gain 
Compensating „> £ 


omplifier £,=K 


Filament supply 


Fig. 4—Performance character- 


istics of phase detector.—( A) 


Input amplitude 
both vary.—( B) 


lationship is variable 


Relat 


Fig. 5—Block diagram of gain 
compensating amplifier 


and 
Input ampli- 
tude is fixed and. the phase re 


phase 


reciprocal 


ve gain, 


Actual gain 
Choracteristic 


Fig. 6—Gain characteristics of 
gain compensating amplifier. 


Packaged Components 


A-C ISOLATION AMPLIFIER. An a-c 
isolation amplifier is designed to a 
cept an a-c signal from a source that 
can tolerate only a minute amount of 
loading (because of its high impedanc« 
or its susceptibility to error if loaded ) 
The unit presents a high impedance to 
its input signal and can supply a rela 
tively low impedance load 

Negative feedback is used to main 
tain a constant voltage Zain so that the 
output always bears a fixed amplitude 
Nega- 


tive feedback also reduces the phase 


relationship to the input signal 


shift between the input and output 
voltages 

The circuit diagram for a typical 
isolation amplifier is shown in Fig. 1 
The 
first tube acts as a voltage amplifier 
and phase inverter. The output of this 


It uses two double-triode tubes 


stage is capacitively coupled to the 
The output 
transformer has a number of taps for 
flexibility in load matching and feed- 
back circuitry. 


push-pull output stage 


Typical uses for an isolation am 
supplying 
voltages to resistance potentiometers 
or induction resolvers, and isolating the 


plifier include excitation 


loading effects that frequently result 


from high impedance circuitry 


DIRECT CURRENT SIGNAL AMPLIFIER 
One channel of a typical amplifier is 


shown in Fig. 2 


A complete amplifier 
consists of two identical single-stage 
balanced amplifiers. The two channels 
are intended to function separately and 
give outputs suitable for the control of 
a magnetic amplifier power stage, a 
sensitive relay, or an indicating meter 
But the two channels can also connect 


as a two-stage amplifier. 


PHASE DETECTOR. A phase detector, 
Fig. 3, produces a d-c output signal 
that is a function of the amplitude of 
an input signal and its phase relation- 
ship with a fixed reference input of 
the same frequency 

If one input is energized with a fixed 
input signal E,, the output voltage 
throughout the linear range of opera- 


tion will be 


E,=KE, 


constant of proportionality 


cos 6 


where K 
E, —d-c output voltage 
E, = magnitude of variable a-c input 
signal 
0= phase angle between E: and 
the reference input E, 
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characteristic, 
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Input signal, E 


Isolation 2 


Ac reference amplifier 


phase supply 


Stator excitation 


input signal 


winding 2 


Compensating winging 2 ү 


Feedback signal 


2 -phase 
servo motor 


Phase inverter Power stage 


Ac supply 


т 


О 
Ac contro! 
signal 


Fig.8 


In Fig. 4 are shown the character- 
istics of the phase detector output as 
a function of the amplitude and phase 
of the input signal. 

The phase detector can be used as 
a demodulator to produce a d-c output 
indicating the phase and amplitude of 
the input signal 
as a null indicator to determine when 


It can also be used 


two inputs are in a quadrature rela 
tionship. As shown in Fig. 4(B), the 
variation of the with 


output phase 


change is most pronounced in the 
(90 


270 deg). Thus the phase detector 


vicinity of the null points and 
produces an output signal proportional 
to the amount the two input signals 


deviate from a quadrature relationship 


GAIN COMPENSATOR. In many control 
systems there are wide variations in the 
gain of one or more servo loops over 
the normal operating range. 
of this it may be necessary to sacrifice 


Because 


accuracy at the low gain conditions 
and/or loss of system stability at the 
high gain condition unless compensa 
tion is provided. 

The gain compensation amplifier 
shown in Fig. 5 offers a way to vary 
the amplifier gain as a function of an 
electrical control signal. A typical unit 


Isolation 


input signal, Е, omplifier 


Stator excitation winding I ->c 


Compensating winding / 


Fig.9 


Fig. 7—Typical 


vacuum tube amplifier tor 


Rotor or 

secondary 

windings 
£, cos 8 +E, зл Ө 


servo motor control 


Fig. 8—Phase reversing magnetic amplifiers; fast response half-wave 


Fig. 9—Resolver booster system in which isolation amplifiers are 
used as resolver booster amplifiers 


can be used with input signals from 
100 to 2,000 cps 

The gain characteristic as a function 
of the d-c control signal is shown in 
Fig. 6. The gain is approximately pro 
portional to the reciprocal of the input 


signal. This characteristic is suited to 
many applications. Gain change is ob 
bias of a 


The 


adjustment is 


tained by adjusting the 


remote cutoff pentode usable 
range of about 


0 to 1 


gain 


This gain compensating amplifier 
also includes a phase sensitive detector 
This is convenient when it is used with 
a d-c controlled magnetic power am 
plifier and also facilitates the incorpo 
Thus 


the output is a d-c signal the polarity 


ration of stabilizing networks 


of which reverses with a reversal of 


phase of the a-c input signal 


POWER AMPLIFIERS. The power ampli- 
fiers that drive small servo motors in 
electromechanical systems are usually 
of the vacuum tube or magnetic ampli- 
fier type. Vacuum tube amplifiers such 
as shown in Fig. 7 have long been the 
standard means for controlling low 
power servo motors in instrument ap- 
plications. Many manufacturers of 
small induction type motors market 
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standard amplifiers with high imped 
ance, center-tapped control windings 
for plate-to-plate operation in conven 
Thus n« 


output transformer is required 


tional vacuum tube circuits 


Recently, packaged magnetic power 
amplifiers have become available and 
their use has grown markedly as system 
lesigners are learning about their op 
erating characteristics 

The saturable transformer is a low 


gain magnetic amplifte r, a variation of 


the saturable reactor. Its a-c « utput volt 
age is proportional to the difference 
The 


output phase reverses depending on the 


between two d-c control signals 
relative magnitude of the control wind 
ing currents. Power gains of about 30 
are typical for 400 cps units. Because 
of the low gain, saturable transformers 
usually need a preamplifier of the tran 
sistor, vacuum tube or magnetic type 

Magnetic amplifiers with positive 
feedback much 
gains and higher ratios of power gain 
to time lag than nonfeedback types. A 
reversible amplifier 
with external feedback is a typical ex 


have higher power 


phase magnetic 
ample of the former 
Another magnetic power amplifier is 
the fast response, flux reset type, Fig 
8. This employs half-wave, self-saturat- 
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Resolver 
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windings 
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Null 


Feedbock sígno/ 
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winding 


Excitation 
winding 


Tuning capacitor 


Fig. 10 


Fig. Il 


Fig. 


isolation amplifier 


Fig. 12—(A) 


(B) Null indicator 


90 degrees. 


potentiometer 


ing elements arranged so that the out- 
put delivered to the load during the 
gating half cycle is determined by the 
level to which the magnetic flux in the 
core has been driven during the pre- 
ceding reset half cycle. Power gains of 
100 to 1,000 per stage are typical 


How Packaged Components 
Can Be Applied 


INDUCTION RESOLVER BOOSTER. The 
induction resolver is a variable mutual 
inductance with the coupling between 
the primary and secondary windings 
The primary windings usually are lo- 
cated on the stator and the secondary or 
output windings on the rotor. The two 
primary and two secondary widings are 
wound in space quadrature 

Typical resolver primary windings 
2,000 to 
5,000 ohms for 60 cps units and 5,000 


have impedance values of 
to 50,000 ohms for 400 cps units. To 


prevent undesirable loading effects 
when the resolver is excited with sig- 
nals from high impedance sources, a 
buffer amplifier must be used between 
the signal source and the resolver wind- 
ing. This function can be performed by 
the a-c isolation amplifier 

A block diagram of a resolver boost- 
er system is shown in Fig. 9. One am- 
plifier channel is required for each pri- 
mary winding. Unused primary wind- 
ing should be shorted out 

An isolation amplifier exciting a 


resolver equipped with compensating 


{22 


windings is shown in Fig. 10. These 
are auxiliary windings similar to the 
primary and wound in the same slots. 

By feeding back the voltage induced 
in the compensating windings, the pri- 
mary winding is effectively made re- 
sistanceless and the secondary voltage 
at maximum coupling is proportional 
to the input signal and substantially 
independent of changes in temperature 
and variations in line frequency 


POTENTIOMETER EXCI 
The isolation amplifier can 


RESISTANCE 
TATION 
supply a-c excitation voltage to a re 
sistance potentiometer, as shown in Fig 
11, just as it does to the induction re 
solver. The negative feedback signal is 
obtained separate feedback 
winding on the output transformer 


from a 


ELECTROMECHANICAL PHASE MEAS 
UREMENT. In Fig. 12 is shown how an 
isolation amplifier and a phase detector 
can be combined induction 
resolver and a null indicating meter to 


with an 


result in an electromechanical phase 
measuring device 

The resolver and the R,C, network 
act as a phase shift device that pro- 
duces an output voltage Eş equal in 
magnitude to 0.707 E, and at phase 
angle 8, — 45 deg —6x 
rotating the resolver rotor thus shifts 
the phase of voltage E4 with respect 
to that of Е, 

The characteristic of the phase de- 
tector is such that its output voltage 


11 — Alternating current 
feeding a 


resistance potentiometer. 


Electromechani- 
cal phase measuring system.— 
reading 
versus dial setting for 0 equals 


Isolation 
omplifier 
signal of unknown phase 
Fig. 12 (A) 
Fig. 10—Isolation amplifier ex- 


citing a resolver equipped with 
compensating windings. 


Reference supply 


Ep (O deg 
Phase indicating 
dial, Ө, 


Fig. 12 (B) 


о + 


Null indicator reading 


Diol setting, deg 


is zero when the voltages E? and E; 
are in quadrature. Thus, by determin- 
ing the angular position of the resolver 
rotor at which a null is produced, the 
phase displacement between the two 
input voltages E; and Es can be 
measured. 

The ambiguity of the null indica- 
tion (null is produced at both 90 and 
270 deg displacement) can be resolved 
by noting the polarity of the error sig- 
nal in the vicinity of the null. The 90 
deg displacement is indicated when an 
increase in the value of Ôg near the 
null produces or brings into effect a 
negative indication on the null meter 


AUTOMATIC PHASE MEASURING 
SERVO. The phase measuring and indi- 
cating system shown in Fig. 135 is servo 
driv en for automatic continuous орега- 
tion. It is obtained by adding to the 
system shown in Fig. 12 a servo motor, 
a magnetic power amplifier, and a d-c 
signal amplifier 
produce an output voltage proportional 
to the angular displacement between 
E, and Es. Continuously operating 
phase measuring servos of this type are 
often used in complex control systems 


It will continuously 


MULTIPLIERS AND FUNCTION GEN- 
ERATORS. The electromechanical servo 
multiplier is a common system for ob- 
taining the product of two variables 
Where one or both of the variables is 
in the form of a shaft position, simple 
methods can be used. However, if a-c 
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potentiometer excitation voltages are 
derived from high impedance sources, 
isolation amplifiers may be needed in 
the circuitry 

Where both signals are electrical, a 
be 
a shaft position proportional to one of 
Such a 


servo system can used to obtain 


the input signals system is 
shown in Fig. 14. The magnetic power 
amplifier is a fast response a-c con 
trolled type. 

When a nonlinear potentiometer is 
added to the system of Fig. 14 


shown in Fig. 15, the same components 


as 


will produce an output proportional 
to the sine or cosine of an electrical 
input 

This servo multiplier and function 
generating system has constant servo 
loop gain at all input conditions. That 
is, the error signal produced per degree 
deviation from the null position is a 
constant regardless of the conditions 
of input amplitude 

Some operations, however, are better 
handled by systems in which the servo 
loop gain varies widely as a function 
of the input signal. If such systems 
must operate over a wide range of in- 
put conditions, system performance can 
be compromised. At low gain condi 
tions accuracy is poor; while at the 
higher gain conditions, system damp- 
ing is reduced and excessive hunting 
or even continuous oscillation can re- 
sult. Proper use of the gain compensat- 
ing amplifier will extend the useful 


range of these systems 
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Fig. 13 (Left) —Diagram 
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Fig. 14 ( Above) —A servo multiplier with two electri 
cal inputs and an electrical output. 


operation. 
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Summary 


Many varieties of computing and 
automatic control systems are being de 
signed using electro-mechanical ele 
ments. These systems vary in complex 
ity from simple remote positioning 
servo-mechanisms to complicated sys 
tems having multiple computing and 
control functions. Examples of th« 
latter are Naval gunfire controls, pilot 
less aircraft controls, machine tool con- 
trols, and systems for the automatic 
control of complex chemical processes 
A common problem is the conversion 
of rectangular to polar coordinates 

However simple or complex the sys 
tem, it is more economical of time and 


planning to assemble the system from 


1956 





















available packaged components than to 
design it from the beginning. By using 
these pac kaged functions, plus mechan 







ical and electromechanical components, 





many control systems can be assembled 





with a minimum of wiring, testing, and 





trouble shooting. Prototype systems can 
be quickly assembled and tested with 





minimum of tedious calculations and 
Also 


packaged circuit elements that have 






time consuming circuit design 






been factory tested enhance the reli 





ability of a servo-mechanism system 
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Applications for Permanent 


Fig. I—Synchronous motor derives its d-c excitation from a 
permanent magnet mounted within the rotor structure. Out 
standing features are self-start, low-speed and high torque. 


Fig. 2— Eddy current set up by the rotating magnets is the 
only connection between speedometer cable and the dash- 
board pointer. Hairspring on cup spindle stabilizes needle. 


Pointer 


Aluminum 


JD 


ank floor 


Pole -piece 


Fig. 5 


وک 
mA‏ 
Pole piece |‏ 


Bearing system for 
rotating magnet 


Fig. 4— Two magnets, separated by Fig. 5—In a Magnetron, a strongly 
aluminum diaphragm, function as concentrated field produces forces on 
a leak-proof magnetic coupling to the moving electrons between the two 
indicate accurately the level of the pole pieces in such a manner to cause 


Fig. 3—Magnet filter, designed to re- insulating liquid in transformer an oscillating condition, creating elec- 
move minute ferrous particles from a tanks. Portion of assembly at left tro-magnetic field energy. These pole 
liquid or gaseous medium by having of seal line can be located in a pieces collect flux from permanent 
a magnetic field of force across a mul- tank—magnet on outside then fol- magnets several times their size, and 


tiplicity of air gaps. 


lows motion of magnet on inside. concentrate it between their faces. 
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Department 


( mpany 


Fig. 7—Permanent magnet switching device in a telephone. When 
handset is removed from instrument base, spring clips return to 
normal position, bringing contacts together and closing the circuit 


Fig. 6 
Fig. 6—Magnetic drain plug attracts and 
removes ferrous particles from a circulat 
ing oil or lubricant stream. The plug also 
helps to remove the particles that nor 
mally settle out. 





Fig. 8— Device uses magnets to provide 
smooth frictionless torque that is constant 
with speed. Torque is controlled by increas 
ing or decreasing the distance between two 
magnets and a hysteresis ring also of per- 
manent magnet material 


Fig. 9—Lamp socket and reflector is mounted 
on adjustable rod attached to magnetic base 
Unit can be securely attached to a variety of 
metallic machine surfaces. 


- Hysferesis 


rina 
e Fig. 10—Ring-section magnets mounted in 
side a conveyor drum. Ferrous contaminants 
are held in place until they pass barrier and 

drop down a disposal chute. 


Fig. 11— Magnetic assembly acts as valve 
and holding agent. Working opposite to 
spring force, assembly moves to the right 
When near the steel ring, it snaps against it 
and remains until mechanical component of 
the valve forces it away. 


Mixture of magnetic and 
non-magnetic material 


Magnetic 
material 


Fig. IO 
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Fundamental Types of 


| N S | | S 
F g A 
Fig. I—Simplest form N N 
of a permanent mag- = 
net is a bar exhibiting S 
two poles which may 
(В) 


> а s D ti 
be of any cross section (A) Fig 3 


Fig. 3—A cylindrical magnet can be magne- 
tized with as many pairs of poles as desired 
on the outside diameter as in (A) or the 
inner diameter as in (B). Also, they can be Fig. á—Magnetic roll for handling mate- 
made nonsalient ( A) or salient (B). rial (separators) made up of 2-pole 
magnets and steel pole pieces which sup- 
ply equal magnetic field on 360 degrees 
Fig. 2—U or C-shaped of the pole surface. 
permanent magnets 
consist of a bar "bent" 
to bring both of the Fig. 5— Magnets for generators and other devices may be assembled from multiple 
pole faces into the magnets with laminated (A) or solid pole pieces (E), cast with inserts for press 
same plane. ing in shafts, nonsalient (B) or salient (C) or cast for assembly on shafts (D). 


iC) (D) 


Fig. 6—Stator or internal pole assemblies using steel pole faces 
and magnets are made in various ways depending on mechan- 
ical space, magnetic and physical characteristics required. 


Fig. 7—Another 4-pole magnet using soft steel. Although only 
a 4-pole unit is shown, it is possible to incorporate as many 
poles as required (A) using bar magnets. In style (B) it is 
possible to obtain several poles by using one 2-pole magnet. 


Fig. 8—Double air-gap permanent magnet assemblies; one 
without steel poles (A), and one with steel poles (B). 
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Fig. 10—Simple fixed air-gap mag 
nets. Without pole pieces (A); 
with pole pieces (B) and (C) 


(А) 


Fig. 12—8Soft steel bars are used to complete the 
magnetic circuit, allowing maximum flux density 
through the air gap. Arrangement may use single 
magnets (A), (B), or double magnets (C), (D), 


( E), or single magnet with shunt (F) 
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Fig. 9— Fixed air-gap magnets 
made from a multiplicity of mag 
nets without steel pole pieces (A) 


or with pole pieces (B) and (t 


Fig. 11—4Annular air gaps are usc 
ful in instruments and loudspeak 
ers. The magnets may be ( A) plug, 
(B) cylindrical, or (C) ring type 
depending upon the application 


Fig. 13—Special shaped magnets such as radar 
types—three pole E-style ( A), and concentric 


gap bowl t» pe ( B) 


Many others are possible 





Printed. Circuits .. . 
for Electrical Equipment 


DONALD E. GRAY, JR. 


Chief Engineer— Printed Wiring Division 
Cornell-Dubilier Electric Corporation 


IN THE ASSEMBLY of 
electrical equipments, printed circuitry 


electronic ог 


does away with hand wiring and sim 
plifies the operation. Rejects are mini 
mized, inspection time is reduced 
quality of the product is more uniform, 
and a great degree of miniaturization 
can be achieved 

Printed electrical circuits are pro 
duced by etching, printing, embossing 
or inlaying the metallic circuit pattern 
on a sheet or laminate of the insulat 
ing medium. The technique is em 
ployed not only to connect together 
components of electrical circuits but 
within limits, also to form capacitors 
and inductance coils as integral parts 
of the circuits. Other examples of pos 
sible configurations are wave traps, 
filters, radio frequency coils, intermedi 
ate frequency transformers, wipe con 
tact switch wafers, and various forms 
of commutator plates 


Conductors are usually copper 


printed on one or both sides of a lami 
nated plastic sheet. When bare copper 
is not sufficiently abrasion resistant or 
solde rable to 


meet requirements, the 


printed copper patterns can be plated 
with 


solder, silver, 


rhodium, 
gold, or combinations of these metals 


nickel, 


Holes in the base laminate can be 
plated-through to connect conductor 
patterns on both sides of the laminated 
plastic sheet 

Depending on circuit requirements 
the plastics employed include: paper 


and fibre base phenolic laminates, glass 
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Table I—Comparative Ratings of Paper Base Phenolic Laminates 


Dimensional Stability 


Moisture 
Resistance 


Dielectric 


Grade Loss at 1 mc Under 


XXXP 8 
XXX 

XXP 

XX 

XP 


X 


base epoxy, melamines, silicone, Teflon 
and nylon 

The choice of the base material de 
pends on properties such as insulation 
resistance, dielectric loss, arc resistance, 
heat resistance, dimensional stability, 
moisture absorption, punchability, 
formability, and tensile strength 

Several characteristics of six grades 
of paper base phenolic laminates are 
compared in Table I. The data given 
are arbitrary and are of value only for 
comparative purposes 

Glass base laminates have low mois 
ture absorption, excellent dimensional 
stability, good 


and go " arc 


electrical 
and flame 
Glass melamine is excellent for high 


properties, 
resistance 


temperature and arc resistance. Glass 
base epoxy type resists solder tempera- 
tures up to 500 F for 15 seconds and 
will operate at 300 F. Glass silicone is 
excellent for high heat applications 
with low electrical losses 


As a further guide to the selection 


Heat Under 


Mechanical 


Moisture Strength Punchability 


6 8 


of the base material, in Table II are 
characteristics 


In Table 


III are given several principal applica 


given the approximate 


of some available materials 


tions of various types of base material 


Design Considerations 


The following considerations should 
serve as a guide and should be followed 
when designing equipment incorporat- 
ing printed circuits 
should not be 


1. Conductor lines 


1 


less than Yo in. wide. In calculating 


widths the data 


given in Table IV, the use of a safety 


conductor based on 
factor of at least 200 to 300 per cent is 


should 
be remembered that normal manufac- 


recommended. In addition, it 
turing defects could reduce the width 
of the conductor by as much as 30 
per cent 

2. Spacing between conductor lines 
be at Most de- 


least !45 in 
144 ог even l$ in. 


should 
signers recommend 
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to avoid difficulties during assembly 
because of solder bridging 

3. Art work for a printed circuit 
should be made using dimensionally 
stable plastic impregnated glass cloth 
or plastic sheet 

i. The scale preferred for general 
wiring board layout is 4 to 1. While 
parts requiring extreme accuracy are 
often laid out with scales of 5 to 1 to 
10 to 1, 
that most process cameras do not ac- 
cept art work larger than 4 by 5 feet 

5. All hole centers on the part, in- 


it should be borne in mind 


cluding all mounting holes and other 
holes not directly connected to the cir 
cuitry, should appear on the art work 
These centers should be shown as dots 
that 


or annular rings of such a size 


they will be clearly visible when the 


art work 1S reduced to actual size 


: t 
Corner Marks 


6. Outline size and shape should b« 
shown by heavy clearly visible corner 
marks rather than outlines. If the cor 
ner marks are not to be visible on th« 
finished part, they should be placed so 
as to be completely outside of the out 
line of the part 

Conductor lines should not pass 
nearer to the edge of the panel than 
4o inch 
8 Pads Or 
slots should be large enough so that at 
0.050 in 


rounds each hole or slot 


lands around holes or 


least width of copper sur 
9. Outlines of internal slots, or un 


usual configurations should not be 
included but rather a center mark indi 
cating the geometrical center of same 

10. All pads or lands should be fil 
leted smoothly into connecting con 
ductors 

11. Large areas of copper used as 
shielding should be cross-hatched or 


otherwise broken up into smaller but 


Table I 


still electrically connected areas to 


avoid the possibility of blistering dur 
ing dip-soldering operations 

12. Lead center spacing should be 
standardized as much as 


possible 


various small axial lead com 


among 


ponents to reduce lead cutting па 
bending machine setup charges 

13. Tube sockets, where possibk 
should be used which do 
he le for 


holes weaken the panels or sheets 


not require 


large their insertion; such 


Pilot Holes For Dies 


| 


14. Circuits designed for high vol 


ume production should generally in 


clude, somewhere inside their outline 
shape, two pilot holes for die pickup 


purposes These holes should be 4 tO 


i in. dia. Although their relationship 
with each other or with other centers 


on the card random, they 


] 


T 
паропапу 


тау Бе 


should be approximately 


opposed and as far apart as practical 
These holes should never be closer than 
lg in. from the edge of the part 

This method of including pilot holes 


on the printed circuit itself results in 
considerable savings in clad laminated 


stock and hence reduces the part price 


often as much as 5 to 10 ү r cent. On 


parts where it is impractical to add 


these two extra holes, existing holes 


often can be enlarged or reduced in 


size or relocated slightly tO serve as 
pilot holes. Where pilot holes on the 
part itself are not possible, the printed 
circuit manufacturer will choose pilot 
holes off the circuit area to locate his 
dies and fixtures. 


ils. 4 
i иеа 
inciuded 


15. Etched lettering to be 
on a part should be at least 0.093 in 
high and composed of lines no smaller 
than 0.020 in. Smaller printing if re 


b 


quired may be included on the part by 


use of various ink marking techniques 


Where 


lettering is desired on shield 
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areas, it may be etched in relief on the 
area subject to the same minimum size 
limitations 

16. Holes should not be smaller 
than 80 per cent of the thickness of 
the base material 

17. Wall between adjacent holes or 
slots should not be less than the thick 
ness of the base material 


18. No 


an edge than the thickness of 


holes or slots should be 
< loser to 
the base material 


19. Nickel 


should be 


i 


plating, if 
0.00025 to 


require 
specified as 
0.0005 in. thick, since thinner coatings 
are of little value as an underbase for 
rhodium or gold. Thicker coatings are 
prone to peel as the result of internal 
stresses inherent in thicker deposits 
20. Rhodium or 


ipplied only as a flash 10 to 40 mil 


gold is normally 


lionths of an inch in thickness. Heavier 


coatings are extremely expensive 


Plated-Through Holes 


) 


1. Plated-through holes are more 


resistant to vibration and make a bet 
er connection between two sides of a 


circuit than eyelets. The cost 


irves of eyelets and of plate 1 holes 
ross at 12 holes on the 
panel. Hok 


Id 


average 512 


schedules and drawings 


state whether hole sizes indi 


1 


after plating 


2. Art 
ld al 


shoul aiso 


addition to scale 


one dimension 


work in 

indicate 
Camera equipment is normally set t 
accurately 


idjustments of scale size 


reproduce this dimension 
even if minor 
we required 
3. Where parts of the printed cir 
uit form contactor plugs to fit femal 
receptacles, the fingers should be ter 
minated at least 140 in. from the edge 
of the panel to avoid peeling them 


ifter repeated insertions into the recep 


Approximate Characteristics of Several Base Materials 


Moisture Absorp 
Dielectric owe ) tion, 24 hr test Arc 
Materi C Resistance 


— me г с oer 
XXP Phenolic 5 Роот 
XXXP Phenolic 

Melamine-Fibre Glass 

Silicone-Fibre Glass 

Teflon-Fibre Glass 

Epoxy-Fibre Glass 


Phenolic-Cotton Cloth 
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Table III 


GRADE 


Primary Applications of Various Types of Plastic Laminates 


APPLICATIONS 


XP Low cost wiring panels for power and some audio frequency applica 
ЕТ І 


tions 


XXP 


receivers 
XXXP 


Epoxy 


Glass 
applications 


Melamine 
Glass 


Silicone 


Glass 
Teflon Glass 


Fabric Based 


Phenolics required 


tacle. It is advisable to send à sampk 
of the connector to the printed circuit 
manufacturer with the art work so that 
minor variations in connector Size 
might be corrected before preparing 
the circuit negatives 

24. Coils up to approximately 10 
microhenries may be etched onto the 
panel as part of the circuit. Conductor 
widths and spacings between conduc 
tors in the coil proper should not be 
less than 0.015 in. Quality factors of 
30 to 70 may be expected depending 
on coil layout, inductance, size, and 
base material. Microwave circuitry has 
been constructed using teflon glass 
material having 
nearly 1000 

25. Master 
folded or creased, but rather shipped 


quality factors of 


art work should not be 


or stored in a round mailing tube 


Fabrication 


The limitations imposed on fabrica 
tion by the plastic base materials are 
a major determining factor in the cost 
of printed circuits 

Generally speaking, low cost plastic 
laminated 
production of wiring panels for radio 


sheet suitable for volume 
and television circuitry must be heated 
during blanking and piercing opera 
tions. This requirement necessitates re 
laxed compensate for 
dimensional changes resulting from 
uncontrollable uneven thermal expan- 
sion and contraction of the plastic 


tolerances to 


sheet during heating and cooling 
In addition, another source of inac 
curacy is present. To produce finished 


130 


Same as XP, except used as wiring panels in some low cost broadcast 


In common use for radio and television circuits 


Used in place of XXXP where high frequency circuits low moisture 
absorption requirements are encountered 


Used for most military 


A material with exceptional arc resistance and hardness used for high 
speed wiping switches and commutators 


A high temperature material similar to epoxy glass in characteristics, 
but capable of operating at temperature in excess of 380 F 


An extremely low loss material used primarily for microwave circuitry 


Used in place of XP or XXP where high mechanical strength is 


Table IV—Current Carrying 
Capacity of Printed Copper 


| Current Carrying Capacity, 
| amperes 
| 
| 


0.0027 in 
high 


Line Width 0.00135 in 
in high 


0.250 23 35 
0.125 15 
0.062 


0.031 


parts having clean cut holes and edges, 
and free of cracks and crazing, ex 
tremely close die clearances coupled 
with high stripping pressures are re- 
quired. Such a die would be liable to 
break or chip the punches unless they 
were the semi or full floating types 
Such punches are not securely fastened 
to any part of the die but rather guided 
into the dieplate by the punch guide, 
therefore, minor inaccuracies are intro- 
duced into the finished part. These 
inaccuracies, however, are more than 
off-set by the greater die life 


Tolerances on Parts 


Where tolerances better than 
:-0.007 to 0.010 in. are required on 
average size parts (approximately 30 
sq in.), additional costs are encoun- 
tered for more extensive tooling, which 
might even include progressive tools 
with one or more sizing or shaving 
stages. In inspection and 


manufacturing rejects further increase 


additi n, 


the cost when unusually close manu- 
facturing tolerances are required. 

The recently developed cold punch- 
ing grades of plastic sheet eliminate 
inaccuracies resulting from thermal 
expansion and contraction but add 
somewhat to the base material costs 
Experience has shown that, with the 
possible exception of certain critical 
dimensions on panels intended for use 
on automatic assembly machines, ex- 
tremely close tolerances are seldom 
required. Often the few that are re- 
quired can be held using special die- 
making and processing techniques 
without adding appreciably to the part 
cost. 

In Table V are given minimum de- 
sirable tolerances for lowest fabrication 
costs with both high production tool- 
ing and small lot temporary tools. 


* 
Permanent or Temporary Tools 


Medium quantity users are often 
perplexed as to whether they should 
invest in extensive permanent tooling 
or accept a higher part cost and negli- 
gible expense of temporary tooling and 
set up. While the economic factors are 
being considered, the advantages of 
permanent tooling in obtaining quality 
and uniformity of parts are often over- 
looked. Generally, the decision should 
be based on the proposed total number 
of parts required rather than on the 
amount of a single order or release. 

Consideration should be given per- 
manent tooling even though the total 
lot price might be higher if: 

1. Close tolerances are required. 


2. Parts must be uniform from piece 
to piece and lot to lot 

3. Parts must be extremely clean 
cut and free from even the slightest 
crazing. 

4. Parts must be delivered at high 
production rates to take advantage of 
the full capacity of the assembling 
plant, even though total quantities are 
only moderate. 

5. Reorders or releases must be pro- 
duced with a minimum of delay be- 
cause of short lead time on additional 
quantities to fill the demands of an 
unexpectedly improved market 


Assembly and Soldering 
Techniques 
While great strides have been taken 
in automatic assembly, such automa- 


tion still leaves much to be desired. 
Many high volume users of printed 


Product Design Digest Issue 





circuit panels still use hand assembly 
techniques. While many 
components are especially designed for 
circuit panel assembly, most axial and 
radial lead components such as resis- 
tors, capacitors and chokes must have 
their leads cut and shaped before in 
sertion into the panel. 


available 


Generally, such leads are bent in 
automatic machinery at right angles to 
the component body on centers which 
facilitate easy insertion into the circuit 
panel These leads should be cut so 
that they extend !4, to V$ in. beyond 
the back of the card when assembled 
The leads may then either be crimped 
over, swaged, or flattened to hold them 
tightly in their places on the panel 


Secure All Parts 


Care should be taken to see that all 
parts are reasonably secured before the 
circuits are dip soldered. Failure to do 
so could result in a high percentage of 
assemblies with 
soldered parts 
inspection and costly repair. Electrical 
testing of completed assemblies ap 


missing or poorly 


Thus requiring close 


pears to be almost inevitable, experi 


ence shows that double visual 


inspection by trained operators is only 
92 to 96 per cent effective 


even 


Dip soldering of circuit cards differs 
in many ways from the more common 
hot tinning. Printed circuit base mate 
rials are extremely susceptible to heat 
damage at temperatures 
They must, therefore, be soldered at 
the lowest possible temperatures and 
immersion 
with good results. Solder compositions 


soldering 


shortest times consistent 
near the eutectic point are used almost 
exclusively; the 60/40 composition 
being the most common. This solder 
can be efficiently handled at tempera 
tures of 450 to 480 F. A solder tem 
perature in excess of 500 F 
never be used, especially with paper 
base phenolics 

With careful fluxing and cleaning, 
immersion times of 3 to 


should 


seconds 
seem to provide satisfactory products 
Longer immersion times often result 
in excessive glue line temperatures 
with subsequent poor bond strength, 
blistering or even possible spoilage by 
delamination of the base material. 


Flux Limitations 


The types of fluxes which may be 
used with printed circuits are limited 
because of the electrical nature of the 
assembly. Acid or chloride fluxes 
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Table V—Minimum Desirable Tolerances for Lowest Fabrication Costs 


DESCRIPTION 
Dimensions affecting general outline shape 
350) 


Small slots or notches (max. dim. 0 


Large elots or notches (max. dim. 1.00) 
Hole diameters (under 0.250 
Hole diameters (0.250 up) 

Hole center to center dimensions 
Hole center to edge dimensions 


Hole center to circuit pattern dimensions 


NOTE 


in manufacture, but if they are used as a guide lowest fabrication costs will 


should never be used because it is im 
possible to successfully neutralize or 
remove their residues from the panel 
once the parts are assembled. Rosin- 
alcohol mixtures or non-corrosive acti- 
vated rosin fluxes should be used since 
their residues do not cause corrosion 
or electrical leakage. Such fluxes may 
be applied by brush, spray or stamp 
pad techniques and their residues left 
on the circuit panel without damage 


A sufficient drying period is needed 
after fluxing to assure that all flux 
solvent has evaporated prior to dip 
soldering. Flux may be removed if de- 
sirable by rubbing the soldered side of 
the circuit panel over a brush almost 
immersed in a tank of flux remover. 


Samples and Prototypes 


All printed circuit runs require the 
use of certain tools regardless of how 
large or small the run may be. These 
tools include master artwork, glass 
plate positives or negatives, silk or 
steel screens; plus the various small 
dies, jigs and fixtures required to in- 
sure that panels will be processed 
within the tolerances specified 


While the cost of several of these 
tools is often discounted where large 
quantities are concerned, this practice 
does not apply to samples or small lots 
Instead of a discount, the panel price 
must be greatly increased to amortize 
these tools over the relatively short 
runs. The additional labor required 
because of the minimum tooling adds 
further to the panel price. 

Manufacturers proposing to use 
printed circuitry for the first time 
should expect high sample lot costs. 
Samples often cost 1000 to 2000 per 
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TOOLS 


Permanent Temporary 

10.010 0.015 
005 010 
010 015 


003 005 
005 + 00 
007 010 
010 015 


(0 015 £0 015 


The above tolerances definitely do not represent the closest tolerances that can 


result 


cent more than the same 


panel pro 
duced in production quantities. Be 
the 
required and the custom nature of 
printed circuit panels, prototype costs 


generally are often higher than the 


cause of considerable tooling 


same cost for other semi-standard com 
ponents such as power and radio fre 
quency transformers, capacitors, resis 
tors and chokes 


All printed circuit manufacturers 
lend their facilities for the production 
of prototypes and samples. The con 
tinuous research and development by 
prospective printed circuit users is the 
best way to find new applications for 
their product. Most manufacturers re 
quest that complete engineering draw 
ings be sent with a request for samples 
in addition to the following informa- 
поп: 
l. Number of samples required 


2. Base material type and thickness 


3. Copper foil thickness and cover 
age (one or two sides ) 


i. Type and thickness of plating ot 
other finish if required 


Prototype costs can be reduced when 
artwork and some fabrication is donc 
by the user. Most printed circuit man- 
ufacturers maintain design depart- 
ments staffed with experienced engi- 
neers who can suggest ways to improv e 
performance or reduce manufacturing 
costs of proposed panels. They also do 
complete design and layout if provided 
with circuit diagram and all other per- 
tinent information. Costs of such com- 
plete design projects vary considerably 
with circuit complexity but the general 
average seems to be between $50 and 
$200 per tube or transistor plus art 


work and prototype charges 
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From: Electronics 


Power Transtormer 


Design Charts 


THESE MINIMIZE CALCULA 
TIONS and time required to design 


CHARTS 


two winding 60 cps power transform 


ers. The charts are based on the use 


of specific core series under typical op 


erating conditions. The data presented 


«1,600 
1,000 -- 3,200 


| | 
500. ““ 


Core rating 
350, 


in V-A 
primary 


bs 
| 
rating — 


o 
o 


Secondory winding in turns 


pe 
--- Primary winding | 
— Secondary winding 


10,000 = 
| 6810 20 


40 60 


are also useful as a starting point їп 
more complex desigt, 


CHART DESIGN CONDITIONS. In cal- 
culating the values for the chart, it was 
necessary to make several limiting as 


Primary winding in turns 


10,000 


Core rating in volts -omperes 
secondory winding 


100 200 400 In 


Voltoge in volts 


Fig. I—Primary and secondary winding turns required by core volt-ampere rating. 
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REUBEN LEE 
N. E. MULLINIX 


Westinghouse Electric Corporation 


were based on the 
A similar chart, 


sumptions. These 
use of type-C 


however, can readily be made for any 


cores 


given series of cores at 60 cps or other 
frequency. The assumptions were 

1. Тһе is used at maximum 
rated volt-amperes 


2. Core flux density is 16,500 gauss 


соге 


at 60 cps 

3. The transformer is a single-sec- 
tion secondary wound over primary 
with 1,000 volt insulation throughout. 

í. Primary and secondary windings 
occupy equal amounts of space. Total 
coil height occupies nine-tenths of 
core-window height 

Copper loss is divided equally 
between the two windings. 

6. Total transformer temperature 
rise is 40 C with a 65 C ambient tem- 
perature except for the four smallest 
cores. These were limited by the regu 
lation values given in Table I 

All units are uncased and vacuum 
impregnated with resin. 


DESIGN PROCEDURE. The 
using the charts are as follows 


steps in 


1. Choose a core from Table I which 
has a volt-ampere rating equal to or 
greater than that required. 

2. Using rated primary and second- 
ary voltages, from Fig. 1 find number 
of turns for both windings. 

3. Using rated primary and second- 
ary voltages, from Fig. 3 find wire size 
for both windings 

Í. From Fig. 2, obtain winding re- 
sistances 

Ratings rarely fall exactly on the 
volt-ampere values assigned to each 
In this event, choose the core 
with the next higher rating. Wire size 


соге, 


as given in Fig. 3 increases in discrete 
sizes. If the chart indication falls be- 
tween two sizes, the smaller size should 
be used. 


FURTHER USES OF CHART. Departures 
from the assumed conditions preclude 
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Table I—Core Size, Rating and Regulation 


Maximum Per Cent Total Wt, Overall Size, 


V-A Rating Regulation Ib In 


38 
68 
2 
) 
100 3.8 
200 
350 
500 
000 
600 


200 


Resistance in ohms 


es 400 100 40 20 1064 2 | O4 O20! OO4 0.0! 


j— Core in rating 





Primary winding in turns 


ә 
c 
c 
2 
= 
c 
o 
© 
© 
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x 
> 
= 
o 
o 
c 
о 
о 
Ф 
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— —— Primary winding 
Secondory winding 
| 


д 200 100 40 20 10 4 2 | 04 0.201 003 оо 


Resistance in ohms 


of primary and secondary windings for type-C cores 


AWG wire size 





AWG wire size 
Core rating in volt-amperes 


+ — ——M 


Core ratin 
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direct use of the chart. It is still usetul, 
however, as a starting point in design- 
ing transformers for high voltages or 
with multiwinding secondaries. The 
following notes apply to such modifica 
tions. 

l. For each additional secondary 
winding, reduce the core maximum 
rated volt-amperes by 10 per cent 

2. For 5-kv rms working voltage, 
reduce the core maximum rated volt- 
amperes approximately 35 per cent 

3. For 50-cycle transformers, reduce 
the core maximum rated volt-amperes 
10 per cent. 

í. When permissible temperature 
rise is higher than 40 C, the core maxi- 
mum volt-amperes equals volt-ampere 
rating from Table I multiplied by the 
square root of the ratio of temperature 
rise to 40 C. 

5. For rectifier plate transformers, 
use the average of primary and second- 
ary volt-amperes to determine core size 
from Fig. 3. To determine the required 
circular mils in the primary and sec 
ondary wires, multiply the circular 
mils in the primary-wire size and the 
secondary-wire size respectively, as 
given in Fig. 3 for the corrected core 
size, by the ratio of the respective volt 
amperes to the average volt-amperes 

6. When taps are required, addi 
tional layers of wire may be needed, 
and unless the transformer rating falls 
well below the maximum core rating 
given in Table I, size is larger than for 
a transformer with no taps 

Wire size and current relationship 
is given in Fig. 4 for various cores 


NOTE 


Condensed by permission from “Elec 
tronic Transformers and Circuits, nd 
Edition, by Reuben Lee, published by John 


Wiley & Sons, Inc 





| O6 O3 
Current in amperes 


Fig. 3 Left—Winding wire size in relation to voltage and 
core rating. 


Voltage in volts Fig. 4 Top—Relation between winding wire size and current. 
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Photoelectric Controls 


PHOTOSWITCH DIVISION, ELECTRONICS CORPORATION OF AMERICA 


FIG. 1—Automatic weighing and filling. Problem 
is to fill each box with exact quantity of products 
such as screws. Electric feeder vibrates parts 
through chute and into box on small balance. 
Photoelectric control is mounted at rear of scale. 
Light beam is restricted to very small dimensions 
by optical slit. Control is positioned so that light 
is interrupted by balanced cantilever arm attached 
to scale when proper box weight is reached. 
Photoelectric control then stops flow of parts by 
de-energizing feeder. Simultaneously, indexing 
mechanism is activated to remove filled box and 
replace with empty one. Completion of indexing 
re-energizes feeder which starts flow of screws. 


FIG. 2—Operator safeguard. Most presses operate 
by foot pedal leaving hands free for loading and 
unloading operations. This creates a safety hazard. 
Use of mechanical gate systems reduce production 
speeds. With photoelectric controls, curtain of 
light is set up with multiple series of photoelectric 
scanners and light sources. When light is broken 
at any point by operator's hand, control energizes 
a locking mechanism which prevents punch press 
drive from being energized. Wiring is such that 
power or tube failure causes control to function 
as though light beam was broken. In addition, the 
light is frequently used as the actuating control 
since clutch is thrown as soon as operator removes 
his hand from the die on the press table. 


FIG. 3—Sorting cartons of three types of elec- 
tronic tubes. Since cartons containing one type 
differ widely as to size, it is not feasible to sort 
by carton size and shape. Solution: small strip of 
reflecting tape is placed on cartons by a packer 
during assembly. For one type of tube, strip is 
placed along one edge of bottom and extends 
almost to the middle. For second type, strip is 
located along same edge but from middle to oppo- 
site side. No tape is used for third type. Cartons 
are placed on conveyor so that tape is at right 
angle to direction of travel. Photoelectric controls, 
shown in A, “see” the reflecting tape pass and 
operate pusher bar mechanism, shown in B, which 
pushes carton on to proper distribution conveyor. 
Cartons without tape pass through. 


FIG. 4—Cut-off machine uses photoelectric control 
for strip material which does not have sufficient 
mass to operate a mechanical limit switch satisfac 


Phototube « Hopper feed 


Sample box or weight 


^ Filled 
boxes. 


Latch Bearing 


Locking Mechanism 


huyt 


4 


ETE 
AME «e: 


-eT 


Combino tion ight” 
source and phototube 


4 


eyors 
е 


l І 
|| 


Pusher bar 


(A) Distribution 
conveyor 


Combination light source 
and phototube (B) 


Transverse 


drive motor Photoelectric control 
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Some typical applications for reducing production costs and increasing 


operator safeguards by precisely and automatically controlling the feed, 


transfer or inspection of products from one process stage to another. 


Shear actuated 
Light i by solenoid 
source 


Photoelectric 
contro/ 


Fig. 4 


Photoelectric Electronic 
contro/ timer 


(atra-red-light source) 
pA Glowing object 


- 


Powered conveyor 


Fig.5 


Light source 
Powered conveyor 


cot 


(A) 


Grovity feed 
conveyor 


Mofor drive 
Photoelectric 


control 


Fig.6 Timer Loading platform 


Combination light 
source ond sconner-7 Fig.7 


Photoelectric 
control ~~. 


Ejected cap 


(No liner) Я 
Р Electronic 


\ 
Solenoid 
valve 


Powered conveyor"? 
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torily. Forward end of strip breaks light beam thus 
actuating the cut-off operation. Light source and 
control is mounted on adjustable stand at end of 
machine to vary length of finished stock. 


FIG. 5—Heat-treating conveyor uses electronic 
timer in conjunction with photoelectric control to 
carry parts emerging from furnace at 2300 F. 
Problem is to operate conveyor only when a part 
is placed on it and only for distance required to 
reach next process stage. Parts are ejected on to 
conveyor at varying rates. High temperatures 
caused failures when mechanical switches were 
used. Glowing white-hot part radiates infra-red 
rays which actuates photoelectric control as soon 
as part comes in view. Control operates conveyor 
which carries part away from furnace and simul- 
taneously starts timer. Conveyor is kept running 
by timer for pre-determined length of time re- 
quired to position part for next operation. 


FIG. 6—Jam detector. Cartons jamming on con- 
veyor cause loss of production time and damage 
to cartons, products and conveyors. Detection is 
accomplished with a photoelectric control using a 
timer as shown in (A). Each time a carton passes 
light source, control beam is broken which starts 
timing interval in the timer. Timing circuit is reset 
without relay action each time beam is restored 
before preset timing interval has elapsed. If jam 
occurs causing cartons to butt one against the 
other, light beam cannot reach control. Timing 
circuit will then time out, opening load circuit 
which stops conveyor motor. By locating light 
source at an angle to conveyor, as shown in (B), 
power conveyor can be delayed if cartons are not 
butting but are too close to each other. 


FIG. 7—Automatic inspection. As steel caps are 
conveyed to final assembly, they pass intermediate 
stage where an assembler inserts insulation liner 
into cap. Inspection point for missing liners has 
reflection-type photoelectric scanner which incor- 
porates both light source and phototube with 
common lens system to instantly recognize differ- 
ence in reflection between dark liner and light 
steel cap. When it detects a cap without a liner, 
a relay operates ejector device composed of air 
blast controlled by solenoid valve. Start and dura- 
tion of air blast is accurately controlled by timer 
so that no other caps are displaced. 





you can have the advantages of 


plug mounting 


in all these Automatic Electric 


relays 


CLASS A: 
The "all-purpose" relay for use where first 
cost is important. Gives long, dependable 
service. Size: 434" x 234" x 17s". 


CLASS B: 
Made for extremes of long service life and 
dependability — often exceeding 400 
million operations! Size: 434" x 2*4" x 
1%". 


CLASS F: 
Low operating power makes this relay espe- 
cially desirable in a.c. circuits where relays 
function without specified operate or release 
time delays. Size: 4%” x 115%” x 1/4". 


CLASS S: 
Made for exacting miniature requirements. 
Used in aircraft where resistance to shock 
and vibration is needed in a small, light, 
reliable relay. (For printed circuit applica- 
tions—see below.) Size: 2*4" x 2" x 1%". 


CLASS Z: 
Provides maximum timing in a "small-as- 
possible," low-cost relay. Compact, light, 
resistant to shock and vibration. Size: 3%" 
x 274" x 14". 


"PLUG-IN" RELAY FOR PRINTED CIRCUITS 
Design of coil and spring terminals permits 
direct insertion into printed circuits with 
high-conductance connections, easily sol- 
dered. Bearing design gives up to 120 
million operations without readjustment or 
relubrication. Size: 134" x 154,"-134" (de- 
pending uponnumber of contact springs) х1”. 


For any application, you can choose an Automatic 
Electric relay —a top-quality relay in every way — with 
the additional advantages of plug mounting: 
Minimized inventory —When you standardize on 
plug-in relays, you can often interchange the same 
basic relay in many models of your equipment. Thus, 
you make substantial savings by reducing your inven- 
tory costs, speeding assembly. 

Fast, simplified inspection and maintenance — Plug- 
in relays permit periodic bench inspections with almost 
no "down time" involved. Entire banks of relays can be 
removed for testing, and then replaced, in seconds. 


Simplified replacement— Piug-mounted relays can be 
replaced quickly and easily at otherwise inaccessible 
points in your equipment. Even an unskilled service 
man can replace relays in a matter of seconds without 
tampering with circuit wiring. 

You can select Automatic Electric plug-in relays from 
five basic types and thousands of individual assemblies. 


Send for Relay Circulars 1800 —1804 —'They give 
complete specifications, dimensional drawings, and help- 
ful information. Address Automatic Electric Sales Cor- 
poration, 1033 West Van Buren Street, (HAymarket 
1-4300) Chicago 7, Illinois. In Canada: Automatic Elec- 
tric Sales (Canada) Ltd., Toronto. Offices in principal 
cities. 


Si 


Originators of the dial telephone * Pioneers in automatic control 
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1159 Paper Tube 
Construction (T) 
— FEATURES 
Series Construction 
Federal Input (volts Output (ma Resistance and Application . longer life 
Cat. No.* rms max.) DC max.) (ohms min.) Nom. Cell Size 
= = Higher output voltage. 
115 1 2 { Diam. (T Boo J 
13 5 3 «^ Sq. (E) 
13 6 22 Sq. | 


ee 


1 Lower temperature rise. 


10 
Construction (E) 


Superior humidity resistance. 
Proven mechanical construction. 
85 C. UL acceptance. 
Conservative ratings 


More uniform quality. 
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Largest plant capacity. 
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OTHER AVAILABLE TYPES 
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Printed circuit rectifiers 
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Sq 

Sq. Bridge (E) 
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Plug-in rectifiers 
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V Encapsulated Radio-TV rectifiers 
S Vibrator D f f 
Vibrator Dout Special purpose rectifiers manufac- 
ог u le 


tured to customer specifications 
1017 —Bridge Construction 


FEDERAL'S RADIO-TV 
SELENIUM RECTIFIER HANDBOOK E 


80 pages of valuable designs, characteristics 

and applications. Available for 50 cents (coin ***(E) Ey (S) Stud. (T) Paper Tube 
1007 — Doubler only). 
Construction 


For INDUSTRIAL and MILITARY APPLICATIONS 


FROM MILLIWATTS TO KILOWATTS 


Federal Industrial Rectifiers are available in a standard line covering a 

tremendous variety of voltage and current ratings. Cell sizes range from A FOR COMPLETE DATA write for Fed 
tiny Ya” diameter cells to giant 6 x 10 inch plates for heavy electrical eral's Data Booklet on industria 
currents. Cells with voltage ratings of 18-36 volts may be combined to Selenium Rectifiers оп informa 
give stack ratings of many K.V. Finishes conform to MIL specs. High tive guide to characteristics and ap 
standards of construction assure excellent temperature qualities, long " plications of the industry's most com 
life, stable aging properties, low reverse leakage and minimum forward P: prehensive line of high quality re 
resistance. tifiers 


четт" m 


URL —————'ZÁr HIGH VOLTAGE ENCAPSULATED RECTIFIERS 


N 
(uas aa SELENIUM RECTIFIERS à Features: Resistance to shock and vibration 


Complete protection from harmful external 


250-5000 volts * 5-40 ma 
PLASTIC ENCLOSED conditions. Rapid dissipation of internal heat 


Federal High Voltage Rectifiers $ by conduction 


СЗЕЕЕЕНГ are encased in either paper, - ' Other components such as capacitors 


> I 

FIBRE ENCLOSED qua UM, SEM UC UN 

tubes. Glass and metal types are 

hermetically sealed. Simple fuse-clip mounting of ferrule-terminal stacks i 
For details, send for "High Voltage" brochure venient, rapidly replaceable circuit. Send for 


transformers, resistors, can be encapsulated 


with the rectifier to form a ompact, con 


Encapsulation” brochure 


HIGH TEMPERATURE RECTIFIERS 


For maximum operating life at ambient temperatures up to 150° C. A full 


range of voltage/current combinations for medium and high temperatures. SELENIUM CONTACT PROTECTORS 
Let us review your requirements. 


M 
MAGNETIC AMPLIFIER A. 


RECTIFIERS 


Selenium cells and stacks precisely Recommended for inductive circuits to prevent erosion of switch contact 
processed, tested and selected to as- 


sure a high degree of stability and 
very low reverse current, For use with 
saturable reactors, regulated DC power supplies, etc. "Contact Protector" brochure 


Federal Telephone and Radio Company * Clifton, N. J. 


Federal contact protectors can extend contact life by more than 1000 times 


surfaces and to suppress interference caused by arcing. Minimum effect 


on release time. Available hermetically sealed to meet JAN specs. Send for 
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LOW NOISE * PULSE * DELAY CABLES 


FEDERAL VARIETY OF CABLE TYPES 


Federal's cable department produces a variety of R-F cable types. Some 
of these cables are produced by Federal exclusively. All are made to the 


most exacting standards of quality and control. The materials used are 
the finest research has developed, assuring top electrical characteristics. 
Initial dimensional precision helps to maintain stability over a wide 
temperature range. 


SOLID DIELECTRIC COAXIAL CABLES consist of a solid or stranded inner conductor, dielectric material, one or two copper wire 


braids, a synthetic resin protective jacket and, in some cases, a protective armor or metal braid. Dual 
coaxial cables are similar in design to the solid dielectric types, except that two accurately-spaced inner 


conductors are used. 


LOW- CAPACITANCE COAXIAL AIR- SPACED CABLES have a construction similar to that of the solid dielectric types, 


except that air is made a portion of the dielectric. One method of accomplishing this effect and still 
maintaining a high dielectric strength is through a construction involving an inner conductor in a thin- 
walled polyethylene tube. This is achieved by means of a polyethylene thread wound in a long spiral 
This type of cable is also made in Teflon for high temperature applications 


SPIRAL DELAY, HIGH IMPEDANCE LINES There are three types available with delays of | microsecond per foot; .2 micro 


second per foot; 


„1 microsecond per foot and .042 microsecond per foot. | microsecond per foot delay 


line is ideal for color TV use. 


TELEVISION ANTENNA LEAD-IN WIRE consists 


of two accurately-spaced conductors over which is extruded the dielectric 
material. These lead-in wires have no braid, jacket or armor except in 


TEFLON HIGH TEMPERATURE CABLES 


In a wide temperature range—from 100 F to -1- 500 F Teflon 
insulated cable maintains its low loss and high voltage char- 
acteristics. Chemical inertness indicates use of Teflon insulated 
cables under extremely adverse conditions as in chemical plants, 
boiler rooms, or where highly corrosive acids and alkalies are 
present. Other application are on ship board (engine rooms, 
stacks, etc.) in aircraft, guided missiles, ‘Black Boxes" wherever 
high temperature is likely to be encountered. Three types are 
listed below, but all RG types are available. 


Cop Mox Nom 
УР, mmfd /ft Oper. Volts Imp. Ohms 


RG-87 A/U 70 290 4000 50 
RG-140/U 70 19.5 1,700 75 
RG-141/U 70 29.0 1,500 50 


MINIATURE COAXIAL CABLES 
TEFLON INSULATED 


For High Temperature Applications 


Meet operating requirements of high temperature, abrasion 
resistance, long term stability and light weight. Approximately 
'4 size of comparable RG types and provide the same imped- 
ance characteristics. Ideal for installations where space and 
weight are at a premium (aircraft, instruments). Meet operating 
temperatures of 150 C for use in confined areas at higher 
ombient or high conductor temperatures. Operating tempera- 
tures up to 200 C may be had by using an impregnated fiber- 
gloss jacket. Federals Miniature Coaxial Cables are made with 
teflon dielectric and trichlorofluoroethylene jackets; other jack- 
eting materials are available upon request 


Attenuation 
(max) 
Imped Max db/100 ft 
Type (ohms) Cap at 400 m« 


K 256 50 + 2 29 mmt/ft 13 
K 257 70 * 3 


21 mmt/ft 14 
K 258 93 5 16 mmf/ ft 15 


Velocity Propagation 72% approx 
850V RMS 
Dielect 'om 095 O.D. Jacket (nom) 0.135 


"PRECISION-COAX" 
A Semi-Flexible Coaxial Cable 


Various types of semi-flexible coaxials that are smaller, 
stronger equivalents of RG 8/U, 11/U, and semi-solid types. 
Instead of conventional braid and jacket (vinyl, Kel-F, Nylon or 
Fiberglass) these semi-rigid coaxials have a seamless extruded 
metal tube (1, 2) over polyethylene or teflon dielectric. Feature 
lower attenuation, better heat stability, are non-contaminating, 
ond completely weatherproof. The cable is semi-rigid and lends 
itself readily to different pre-formed shapes. 

) Copper tube can be silver plated per soles order. 

2) Brass or aluminum per sales order 


138 


Conductor* 
7 30AWG 
7/34AWG 
7/38AWG 


*Silver-plated 
Copper weld 


опа (min 


special cases. The advances in television have meant ever-new approaches 
to the design of TV lead-in to the point where it has taken many varied 
forms, the latest being the tubular shaped "pipeline" lead-in. 


Triaxial PULSE CABLES 


RG 156—15 KW Pulse* * КО 157—24 KW Pulse * RG 158—18 KW Pulse 


Meet requirements for a high voltage pulse cable. Features include * Higher 
corona level—than any other corresponding plastic cables * Low self generated 
noise level * Low radiation characteristics * Higher power capabilities. Applications 
include radar, telemetering, automation controls, servomechanisms and wherever 
low level signals are highly amplified and used by control or instrumentation 
devices 


*] microsecond pulse 


NON-MICROPHONIC LO-NOISE CABLES 


Inherently free of self-generated microphonic voltages, when subjected to shock 
or vibration. A special process insures the best obtainable low noise characteristics 
permanence and stability. Can withstand severe mechanical abuse and wide am 
bient temperature variation without deterioration of their characteristics. Micro 
phonic voltage maximum is 60 microvolt peak for 50 ohm types similar to standard 
RG cables. Applications include telemetering, automation controls, servomechan 
isms and wherever low level signals are amplified and used by control or instru 


mentation devices. 


MULTI-CONDUCTOR CABLES 


We can produce multi-conductor cables of an infinite variety of constructions 
This would include combination of coaxial cables, coaxial cables with control wires, 
TV camera cable, intercommunication cables. These can be produced in poly 


ethylene, vinyl and teflon 


COMMUNITY TV COAXIAL CABLE 


Federal has a cable to meet every Com- 
munity TV requirement—single shields, 
double shields, viny! jackets, non-contami 
nating vinyl jackets, and polyethylene 
jackets. Aluminum jackets are available. All 
cables meet ASTM and REA Standards. 

Federal has all cable types and sizes from 
very low attenuation K-14 for long primary 
runs and RG-11/U single and double 
shielded type for distribution and feeder 
runs to RG-59/U for tap off drop lines. 

Federal Telephone and Radio Company 
stands ready to help with technical aid for 
old or new systems. 


COMPLETE COAXIAL 
CABLE ASSEMBLIES 


also are available from 
Federal to meet your re 
quirements. This service 
offers the same "Precision 
Production" that made 
Federal the outstanding 


name in coaxial cables 
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Federal] “ШЕТ; 


MINIATURE COAXIALS * HIGH TEMPERATURE HOOK-UP WIRE 


I's Fodleral tor... EVERY R-F TRANSMISSION LINE REQUIREMENT 


M RG TYPE CABLES SPECIAL 
"er Copecitonce Nominal tener CABLE PROBLEMS 


10 Per Foot Attenuation Conductor Braid Jacket 


Black еби Std. Jacke! Impedance X Micro- Micro 100 Mc Strards × 
л Ohm: Farads Db/100 Ft . 
RG-5B. U RG-5A/U 50 28.5 2.4 51 (2)5260 NCV335 = 


RG-6A/U RG-6 U 76 20 2.8 CWI (2)5264 NCV339 
RG-7/U 100 12.5 2.0 C! C304 v379 
RG-8A/U RG-8. U 52 29.5 2.1 C7 2 C340 V415 
RG-9B/U RG-9A 51 30 2.3 $7/ 221 (2)5355 NCV430 
RG-10A i RG-10 52 29.5 2.1 C7 C340 NCV475 
RG-11A RG-11 75 20.5 2.1 17/# C340 V415 
RG-12A r1 RG-12 75 20.5 2.1 17/# C340 NCV475 
RG-13A RG-13 74 20.5 2.1 17 (2)C355 V430 and engineering facilities are readily 
RG-14A RG-14 52 29.5 1.4 CI (2)0463  NCV558 available to develop any new cable 
RG-15 76 20 1.5 cwl (2)C463 V558 constructions. Charges are based 
RG-17A RG-17 52 29.5 85 cl C760 NCV885 quantity. Special Orders are executed 
RG-18A T RG-18/Utt 52 29.5 85 C1 C760 NCV945 under the high standards maintained by 
RG-19A 19/U 52 29.5 68 CI C990 NCV1135 
RG-20A tt RG-20./Ut1 53 29 CI C990 NCV1195 
RG-21A RG-21/U 95 16 4.0 Res. wire (2)5264 NCV339 
RG-22B RG-22A/U 125 12 17 *C7/0.0152" (2)T355 NCV430 
RG-23A RG-23/U 125 12 1.7 "С7/ #21 C845x446 V965x670 
RG-24/U 52 29.5 68 C7/i21 C845x446 V1034x735 moisture resistance, dielectric strength 
RG-29.'U 53. 28.5 4.2 C1 T150 PE184 cold-bend—a few of the many tests that 
U 
U 


Federal Telephone and Radio ( 
maintains a stock of most of the г 
quired types. When requirements ar 
so special that they cannot be met by 


Federal's cable types, Federal research 


cccccccce 


Federal “Quality Control.” Every lengtl 
of cable is carefully checked to see that 
it meets all tests indicated for the typ« 


ordered. Toughness, heat resistance 


RG-34 71 21.5 1.8 С7/#21 С540 V640 must be passed before approval fo 
RG-35/UT4 71 21.5 70 C1 C760 NCV945 shipment is given. 

RG-54A/U 58 26.5 C7 /0.0152 T220 PE250 

RG-55/U 51.5 28.5 сї (21176 pesos Federal also manufactures many 
RG-57/U 95 17 C7/321 1540 ۷640 types of plastic-insulated wires and 
RG-58/U 53.5 28.5 CI T150 v200 multi-conductor cables for televisi 
RG-58A/U 50 28.5 T19/0.0071" 1150 v200 intercom and numerous special pur 
RG-59 73 21 CWI C191 v250 poses. 

RG-62 93 13.5 CWI C191 ۷/250 

RG-63 10 CWI C340 V415 

RG-65 950 44 Fl C340 V415 HIGH 

RG-71 93 CWI (2)T208 PE250 


RG-74/Utt 52 с! (2)С463  NCV615 TEMPERATURE 


RG-79/ Utt CWI C340 V475 
RG-79B/U+ CWI C340 NCY425 COAXIAL CABLE 
RG-86/ U *С7/ #21 PE665x300 
RG-108A/U RG-108/U *T7/ #28 7177 МСУ 245 
RG-II1IA/UTT  RG-111/UTT . *C7/0.0152" (27355 МСУ490 FOR COMPLETE DATA 
FTR TYPES ; 
K-14 CI C745 NCV885 Write for Federal's Catalog on RF 
The above K-38 . С7/#30 С196 v250 Cables 


may have KT-107 ч *C7/#28 C191 NCV250 
minor changes K-109A BI T232 v282 


in physical К.111 ? E *B1 С435х235 V490x290 dustry's most comprehensive line 
and electrical K-113 741/234 C150 v200 high quality RF Cables. Address Dept 
characteristics K-200 н *C7/3t21 PE660x310 913. 


An informative guide to char 


acteristics and applications of the in 


C—Copper, T—Tinned Copper, S—Silver Plate Copper, B—Bronze, OD in mils (max.), F—Formex. 

V—Vinyl, PE—Polyethylene, NCV —Non-contaminating Vinyl, OD in mils (max.) Applies to Std Call 

NCV. See information in column to right under RG Type Cables > NU | 
Armored (Jacket dimension given is over armor) $ t ey 

2 inner conductors Ead etl 2-3600 
Inner Conductor Strands column indicates material by some abbreviations as + 

CW —copperweld —we are ready 


Aq federal Telephone and Radio Company 


EX A Division of INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION 


100 KINGSLAND ROAD, CLIFTON, N. J. In Canada: Standard Telephones ond Cables Mfg. Co. (Canada) Lid., Montreal, P.Q 


Export Distributors: International Standard Electric Corp., 67 Brood St., N. Y 
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YOUR SOURCE OF THE MOST COMPLETE [INE 
of MAGNETIC MATERIALS AVAILABLE 


(1) Typical group of C and E cut cores, various 
types of tape wound cores, and bobbin cores 
(foreground). (2) Mo-Permalloy powder cores. 
(3) Iron powder cores. (4) Cast Alnico magnets 
for rotors and stators. (5) Permanent magnets 
and assemblies for wave guides, traveling wave 
tubes and magnetrons. (6) Various types and 
sizes of sintered Ainico magnets. 


Arnold magnetic materials can answer any requirement you may have. It is the most 
complete line in the industry; and in addition, Arnold maintains complete control 
over every production step from raw materials to finished products. Such a source 
can bring you advantages in long experience and undivided responsibility, and in 
unequalled facilities for quality production and control. @ Let us supply your needs. 





TYPES "C" AND "E" CUT CORES 


Available in more than 500 standard sizes and almost any special size, 
Arnold "C" and “E” Cores are made from precision-rolled Silectron 
strip (highly oriented silicon steel) in 1, í or 12-mil thicknesses and 
a wide variety of window sizes and core areas, for high and low-fre- 
quency applications. Sizes range up to 100 lbs. in 12-mil strip, and from 


fractions of an ounce to hundreds of pounds in thinner gauges 


Insulated strip of the proper width is wound on a mandrel, then heat 
treated, bonded and cut into halves. Careful control results in accu- 
rately dimensioned and matched core halves whose effective air gap at 
the butt joint is very small 


In 3-phase applications, the use of “E” cores provides weight and size 
reduction, as well as higher efficiency and possible cost savings. Rigid 
standard tests are employed for both "C" and “E” types of cores, and 
special tests where required 


Write for Bulletin SC-107 


TAPE WOUND CORES 


Depending upon the specific properties required, Arnold Tape Wound 
Cores are available made of Deltamax, 4-79 Mo-Permalloy, Super- 
malloy, Mumetal, 4750 Electrical Metal, or Silectron 
tape thicknesses of 1, 2, 4 or 12-mils, and in ultra-thin gauges of % 
and '4-mil where required 


in standard 


This gapless type of core construction results in maximum effective 
working permeability with minimum flux leakage. Practically any size 
core can be supplied, from a fraction of a gram to hundreds of pounds 
Toroidal cores are made in 27 standard sizes with protective nylon or 
aluminum cases. Special sizes of toroidal cores, and all square or rec- 


tangular tape wound cores, are produced to individual requirements 


Write for Bulletin TC-101A 


MO-PERMALLOY POWDER CORES 


These toroids provide high Q in a small volume, characterized by low 
eddy current and hysteresis losses 


Arnold Mo-Permalloy powder cores are supplied in four standard 
permeabilities: 125, 60, 26 and 14 Mu. They provide constant permea- 
lu 


bility over a wide range of flux density. The 125 Mu cores are recom- 


mended for use up to 15 kc; the 60 Mu at 10 to 50 kc; the 26 Mu at 
30 to 75 kc; and the 14 Mu at 50 to 200 kc. Many of these cores may 
be furnished stabilized to provide constant permeability (+0.1%) over 


a spec iic temperature range. 


Arnold Mo-Permalloy powder toroids are available in a wide range of 
sizes, to obtain nominal inductances as high as 281 mh/1000 turns 
They are given various types of enamel and varnish finishes, some of 
which permit winding with heavy Formex insulated wire without 
supplementary insulation over the core 


Write for Bulletin PC-104A 


ALNICO MAGNETS— Cast and Sintered 


Arnold manufactures permanent magnets from all grades of Alnico 
although Alnico V is usually the preferred type due to the high value 
of energy product of that alloy. Alnico magnets are quite hard and 
somewhat brittle and may be machined only by grinding. Most sizes 
and shapes are manufactured as sand castings and are made to the 
customer's drawings and specifications. Some types and shapes of 
Alnico Magnets are carried as stock items. 


Some small sizes of magnets may be furnished in sintered Alnico, and 
a wide range of shapes are carried in stock for quick delivery. Special 
shapes made in this way, however, require rather expensive dies 


Write for Bulletin GC-I06A 


AL 


гг 


IRON POWDER CORES 


Arnold quality control of iron powder cores includes the maintaining 
of rigid electrical, physical and dimensional specifications 

in the industry. A wide selection of cores is available, fron 
cylinders to special cores of complicated design. The li inclu 


Standard types and sizes of threaded cores, Cup, sleeve slug 


drical insert cores: for use in antenna and RF coils, oscillator 
coils, perm tuning, FM coils, television RF coils, noise filter 
induction heating and bombarder coils, and other low frequency 
cations. A standard series of iron powder toroids is being manufactur 
conforming to the standard sizes proposed by the Metal Powder 


Association. 


Write for Bulletin PC-109 


BOBBIN CORES 


These cores, fabricated by winding ultra-thin tape of high-permeability 
magnetic materials on ceramic bobbin cores, possess ideal qualities 
for use in electronic computer assemblies. Their desirable properties 
include quite rectangular hysteresis loops, relatively low coercive values 
and high saturation densities; plus temperature stability and the ability 
to shift in a few microseconds from negative remanence to positive 


saturation, and vice versa, under conditions of pulse excitation 


Arnold Bobbin Cores are available in a wide range of sizes, tape thick- 
nesses, widths and number of wraps to suit the ultimate use of the core 


Magnetic materials usually employed are Deltamax, Square Permalloy 


and Supermalloy, in standard thicknesses of 1, 4%, %4 and % mil. Special 
advantages derive from Arnold's position as a fully-integrated producer 
of wound cores, able to maintain precise control over every production 


operation . . . melting, rolling, winding, testing, etc 


Write for Bulletin TC-108 


SPECIAL MAGNETIC MATERIALS 


Vicalloy is a permanent magnet alloy containing about 109; vanadium, 
50% cobalt and the balance iron. It may be fabricated in the form of 
castings, hot rolled bars and forgings or cold rolled strip, wire 
tubing. After suitable heat treatment, the material is quite readi 
machinable. The alloy finds its greatest usefulness in the form of 
forged rotors, stamped parts and special recording tape. The coercive 
force, Hc, is about 300 oersteds, the residual induction, Br, is about 


9000 gausses and the energy product, (BH) max, is about 1.0 x 106 


Cunico is a permanent magnet alloy which can be produced in a large 


variety of forms since it is ductile, malleable and 


machinable It has 
a high coercive force, Hc, of 715 oersteds, a residual luction, Br, of 


3200 gausses and an energy product, (BH) max, of .81 x 106 


Cunife is an alloy of copper, nickel and iron which is malleable, ductile 
and machinable, even after it has been age hardened. The magnetic 
properties of Cunife are developed by cold working and are directional, 
with the best magnetic properties found only in the smaller sizes of 


rods or wires. 


Vibralloy is an alloy of nickel, molybdenum and iron whose temperature 
coefficient of elastic modulus is controllable over a wide range. It has 
high ferromagnetic permeability, and a rather high coefficient of mag- 
netrostriction. It is manufactured in the form of cold rolled strip as 
well as cold reduced rod and bar stock. It is used in applications where 
a zero or controlled thermo-elastic coefficient is desired 


Write for Bulletin CG-106A 


"THE ARNOLD KNGINEERING (SOMPANY 


SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION 


Home Office and Plant: Marengo, Illinois « Telephone: (Chicago) ANdover 3-6300 


BRANCH OFFICES 


BOSTON: 200 Berkeley St., HAncock 6-8270 


LOS ANGELES: 3450 Wilshire Blvd., DUnkirk 8-0361 


NEW YORK: 350 Fifth Ave., OXford 5-1685 


REPRESENTATIVES 


BUFFALO, N. Y: Brace-Mueller-Huntley, Inc., 1807 Elmwood Ave., Phone: RI-2620 
CLEVELAND, OHIO: Ernie Kohler Assoc., 8905 Lake Ave., OLympic 1-1242 
DALLAS, TEXAS: Southwest Electronic Industries, 4515 Prentice St., FOrest 8-8306 
DAYTON, OHIO: Ernie Kohler Assoc., 53 Park Ave., OXmoor 2813 

FORT MYERS, FLA: Arthur H. Lynch, P. 0. Box 466, Phone: 5-6762 


MILWAUKEE, WISCONSIN: Frank W. Ladky Assoc., 4604 North Wilson Drive, WOodru t 2-2940 
MINNEAPOLIS, MINN.: Frank B. Elam, 6524 W. Walker Street, WEst 9-5161 

PHILADELPHIA, PA.: W. R. Murphey, 520 E. Moreland Ave., Wyndmoor, CHestaut Hill 7-0831 
ROCHESTER, N. Y.: Brace-Mueller-Huntley, Inc., 315 Hollenbeck St., COngress 6560 
SEATTLE, WASH.: National Steel Sales ,Inc., 903 Western Ave., MUtual 2450 


wesw 6169 


SYRACUSE, N. Y.: Brace-Mueller-Huntley, Inc., 625 James St., SYracuse 7-33341 
EXPORT: Sylvan Ginsbury, Ltd., 8 West 40th Street, PEnnsylvania 6-8239, New York 18, N. Y 
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A wide range of dependable, | Five compact models, 10 to Single layer R.F. plate chokes 
fixed, adjustable, tapped, and | 100 amperes, AC, up to 12 and power line chokes, on 


All-ceramic and metal, close 
control rheostats for unsur 
G x | A А › 
passed dependability and | non-inductive, power wire- | taps. All-ceramie and metal | steatite or plastic cores. Pro- 
moothness of operation. Ten wound resistors. Also a wide | > construction. Silver-to-silver | tected by a special moisture- 
size 


stock s, 25 to 1,000 watts. range of precision resistors. | contacts, with self-cleaning resistant coating. 


RHEOSTATS | RESISTORS | TAP SWITCHES R. F. CHOKES 
' 
| 


ALSO SUB-MINIATURE TANTALUM CAPACITORS 


Se Right with OHMITE 


OHMITE MANUFACTURING CO., 3612 HOWARD ST., SKOKIE, ILL. (Suburb of Chicago) 





УЖ ОЛИ 
OHMITE 


RHEOSTATS « RESISTORS « RELAYS ‘TAP SWITCHES 


HIGH QUALITY, ALL-PURPOSE RELAYS... 
RUGGED, DEPENDABLE FOR LONG LIFE! 


Current ratings up to 25 amp, AC or DC. 
Also made-to-order models in many contact 
@ combinations and coil voltages. 


se 


5 
* 


HERMETICALLY SEALED OR 
DUST-PROTECTIVE ENCLOSURES 


CATALOG R-11 


` 


OHMITE MANUFACTURING COMPANY 


3612 Howard Street, Skokie, Illinois 
(Suburb of Chicago) 





ELECTRICAL and 


ELECTRONIC 
و‎ 


An ever-increasing number of insulations for an ever-increas- 
ing number of electrical and electronic products puts growing 
emphasis on specialized wires engineered for the job. Your 
engineered product merits Belden wire engineering service. 


Beldol € Celenamel 9 Nylclad 9 Beldenamel € Formvar 9 


МАСМЕТ М/ІКЕ Alkanvar € Formbond € Squares & Rectangulars. 


Lead Wire—rubber, plastic, silicone, asbestos. Rated at these 
temperatures: 75 C, 80 C, 90 C, 105 C, 180 C, 200 C 9 Bat- 
tery Charger and Test Lead Cable @ Coil Lead Wire @ Hermetic 
Lead Wire € Mercury Switch Lead Wire. 


LEAD WIRE 


Primary Wire @ High Temperature Hook-up Wires @ Battery 


AIRCRAFT WIRES 
Cable @ High Tension Wire. 


Complete cords and cord sets with a wide variety of insula- 
tions—for electrical and electronic devices of all types and 
applications. 


POWER SUPPLY CORDS, 
CORD SETS, PORTABLE CORD 
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Extension Cords € Replacement Cords € Heater Cords € Range 


L DS 
ELECTRICAL HOUSEHOLD COR Cords © Dryer Cords. 


A 
f 
y) 
[A 


^w^ 


й 


Microphone Cables € Multiple Conductor Cables 9 Intercom- 
municating Public Address and Sound System Cables € Broad- 
cast Audio Cables € Studio Camera Cables € Transmission Line 
Cables 9 Antenna Rotor Cables 9 R.G.U. Transmission Line 
Cables @ Hook-up and High Temperature Lead Wires € Anten- 
na Wires. 


PLUS 


22 


ELECTRONIC WIRES 


Arc Welding Cable € Welder Power Supply Cable € Welder 


WELDIN ABLE 
ыы Supply Cord. 


uu Pr do P> 27 >> 


Primary Wires 9 Battery Cables & Spark Plug Wires € Trailer 
Lead Wires 9 Starter Cables € Terminals for Spark Plug and 
Primary Wires, and Battery Cables. 


AUTOMOTIVE WIRE & CABLE 


و کی ی یه 


IF IT'S WORTH ENGINEERS’ TIME... 
T IT'S WORTH ENGINEERED WIRE 


Belden Manufacturing Company 
Chicago 


WIREMAKER FOR INDUSTRY 
SINCE 1902 
CHICAGO 
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0 
“S single-lead 


= Terminals 


Yy 
Available now 


to Engineers and Designers! 


NEW! OVER 100 PAGES! ( Multi-lead 
S Headers 


EI HANDBOOK 
and CATALOG @>- 


INCLUDES COMPLETE DATA Contains full 
electrical and mechanical data on over 500 standard types  , 
with a helpful discussion of accepted installation / Plug-in 


techniques. Connectors 
REQUEST YOUR FREE COPY NOW This 

authoritative brochure will be particularly useful for de- 

sign, production and purchasing staffs for specifying, 

installing and ordering service-proven E-I glass-to-metal 

seals. To obtain your copy, just write E-I on your company 

letterhead. A copy will reach you promptly! Diode and 
Transistor 
Closures 


Crystal and 
Sub-miniature 
Closures 


Special 
Application 
and Custom 
Seals 


ELECTRICAL INDUSTRIES — 


44 SUMMER AVENUE, NEWARK 4, NEW JERSEY á А Methods of 


. Installation 





HERE IS YOUR KELLOGG RELAY 


a digest of facts on these selected telephone-quality relays 


K type 7000 FTR type L FTR type R FTR type M2A 


B 


ReOT9999999999999890999999999999999999999499999999999999999999999999999999999999999999999999999999999999999999*9999999999*9***** 


COIL Single or double wound. Single wound. Single wound, Single or multiple Single wound, 
CHARACTER» — Up to 115 volts DC, Up to 115 volts DC. 220 volts DC (max). wound coils available 24 volts DC (mox), 
Multiple wound, (normally 24 or 48 400 ohm resistance. 
ISTICS 110 volts DC (min). volt application) Other coils available. 


COTE EERE EEE EEE ESHEETS EEE E EEE EEEEEEEEE HEHEHE EEEEEEEESESEEEEESE SEH EEE EEEHEEEEHEHEHETHESHEEEEEEEESES EEE EEEEEE EE HEHE 


CONTACT Forms A, B, C, and D. Up to 48 combinations Forms A, B, and C. Forms A, B, C, or D. Two "Form C" contacts. 
ASSEMBLY Up to 16 springs in of Forms A, B, or C. Up to 10 springs 7 Springs per pile-up Rated at: 1 omp, non- 
each of two pile-ups. Precious metal twin in each pile-up. (max). 2 Pile-ups inductive. 115 Volts 
Twin bar dome pal- contacts available. AC, 60 cps. 
ladium contacts. 


99 999999999999999999999999999999999999999999999999999999999999999999999999999999^992999999999999999999999999999999999999*7**** 


OPERATE 2 to 100 milliseconds Varies with contact 1 to 2 milliseconds (min) 3 to 75 milliseconds Very fast 
TIME arrangement selected. 50 milliseconds (max) 


*99999999999999999999999999999999999999999999999999?999999999900999999999999909999999999999999999999999999999999*99999*999***^**: 


RELEASE 5 to 500 milliseconds Varies with contact 1 to 2 milliseconds (min) 3 to 75 milliseconds Very fast 
TIME arrangement selected 100 milliseconds (max) 


$9999 *999999999999999999999999999999999999*29999999999999999999999999999999999999292*9999999999999999999999999*999999*99*99*9*** 


», 
OUTSIDE 4” long 5” long (max) 2” lon 4," long (mox) 1%” across hold- 
DIMENSIONS 1” wide 3" high (max) 17/32” wide 1%” wide down ears 
1% ” high (min) Width varies with 1-1/16" high (mox) Ja high (min) 14" diameter (body) 
number of pile-ups used. 1%” high (not incl. 
terminals) 


ККЕ ИККИ К КЕКЕК ҮҮ ККК К К ЕЕ КК ИЕ ЖЫ 


GENERAL Unusually flexible Kellogg's gang relay. Independent twin Similar to K type 4000 Hermetically sealed 
and capable of fast Extremely large number contacts. Bifurcated Faster operate times in metal container. 
operation. Life of contacts available. stationary springs. possible, depending Highly resistant to 
expectancy: over Single or multiple coils. Life expectancy over 40 on coil and contact shock and vibration. 
100 million operations. million operations. configuration used. 


o- a X- — -— S You will save design time and cut produc‏ س س ن س س س س س س س س س س س س س س س س س ا 
tion costs by using relays that are accurate‏ 
ly rated to meet your requırements‏ 


For 56 years, Kellogg, as leader of the in 
lependent telephone field, has been a pro 
ducer and user of top-quality relays. These 
years of experience are available to you in 
the form of true ratings on the relays of 
fered. Send attached Business Reply Card 
for full technical information 


Kellogg Switchboard & Supply Company 
Industrial Sales Dept. 


A Division of International Telephone and Telegraph Corp 
79 W. Monroe St., Chicago 3, III . 


Please send me more information on the following relays 


К type 4000 [ | K type 7000 FTR type L 
FTR type R FTR type M2A [| 


Please hove my Kellogg representative call on me 
NAME 


FIRM К (x rna mm eae 
Kellogg Swit rd & Supply 
A Division of 


International Telephone and Telegraph Corp. 
Sales Offices: 79 W. Monroe St. Chicago 3, III 


ADDRESS 


CITY 


146 Product Design Digest Issue 





Hudson Standa 
can fit into you 


CLOS 


consult the ne 


SPECIFY 
HUDSON 


CALL OR WRITE 

FOR CATALOG ON Р 
STANDARD CLOSURES 
OR SEND DRAWINGS 
FOR RECOMMENDATIONS 
AND QUOTATIONS ON 
CUSTOM REQUIREMENTS 


Producers of Cases, Covers and Custom 


Product Engineering — Mid-October, 1956 


RE DESIGNS 


36-page 
^ HUDSON 
CATALOG 


The Hudson Catalog is your complete guide to standard cases 
and covers, specification metal stampings and sub-assembly 
work. Available from stock are thousands of standard precision- 
made cases and covers offering an economical solution to your 
closure requirements. Ample stocks and mass production meth 
ods assure prompt delivery. From simple closures to multi-opera- 
tion, intricate sub-assemblies, Hudson produces your components 
to your most exacting specifications. 


for Precision Drawn Closures 
Quality Metal Stampings 
Alloy and Spot Welding 
Silver Soldering, Brazing 
Sheet Metal Work 


Sub-assemblies 


Parts Fabricated of 
Steel, Brass, Aluminum, 
Copper, MU Metal 


HUDSON, 


TOOL & DIE CO ‘INC V D 


i 


EWARK 5 N 





Specify ADVAC High AD | Д (' 


Temperature Ceramic- 


to-Metal Seals for: HIGH VOLTAGE 


JET ENGINE THERMO- 


FIRE nda dE T TE R м ! NALS 


TEMPERATURE CONTROLS 
EXPLOSION PROOF e Pure silver brazed for 
ASSEMBLIES higher temperature service 
REFRIGERATION e Helium mass spectrometer tested 
COMPRESSOR SEALS for vacuum-tightness 
KLYSTRON = e High mechanical strength 
T-R TUBE WINDOWS and thermal shock resistance 
IGNITION INSULATOR e Adaptable for soft-soldering, 
BUSHINGS brazing or welding 


6 22d "T New ADVAC High Voltage Terminals withstand operat- 


TERMINATIONS ing temperatures of over 1000°F. They have been 
NUCLEAR ENERGY service-proven in a wide range of applications where 
QUIPMENT severe environmental conditions, including both me- 
IMMERSION HEATER SEALS chanical and thermal shock, are encountered. ADVAC 
POWER CABLE END SEALS super-rugged high voltage terminals are available in 
CHEMICAL RESISTANT nine economical standard types that meet most require- 
INSULATORS ments. For special applications, custom terminals can 
HEAVY-DUTY TRANSFORMERS be produced to your exact specifications. 
CAPACITORS 
PULSE NETWORKS 3410-F —For Critical 
RELAYS, DELAY LINES 2510-F wi A A C cal 
FILTERS, REACTORS 3400-F ommercia 


MOTOR SWITCHES x E | — ry 


" 


Є ze» 


Е 


Call or Write 
for Illustrated 
Catalog 


no F 


DIVISION OF ^ ADVANCED VACUUM 


GENERAL CERAMICS PRODUCTS - INC 
CORPORATION 18-22 Liberty Street, Stamford, Connecticut — Telephone: Davis 4-2148 


HIGH TEMPERATURE, VACUUM TIGHT’ CERAMIC-TO-METAL SEALS FOR THE ELECTRONIC INDUSTRY 
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BURTON BROWNE ADVERA 


VARIABLE 
RESISTORS 


EAST COAST OFFICE 
Henry E. Sanders 

130 N. Broadway 

Camden 2, New Jersey 
Phone: Woodlawn 6-166585 
rWX No. Camden NJ 380 
Phila. Phone: Market 7-3129 
WEST COAST OFFICE 
Robert A. Stackhouse 

928 S. Robertson Blvd 

Los Angeles 35, Calif 
Phone: Crestview 4-5931 


TWX No. BEV H 7666 275,000 sq. ft. plant area 1500 employees . 
SOUTHWESTERN U.S.A making ALL TY 
T 


'ES of variable resistors by the million . . . for 


5 
I 
john A. Green Company YPES of military and commercial applications. 


6815 Oriole Drive | ALL 
›.О. Вох 7 i à j ; 
к: A Il | Dependable delivery. Exceptionally good delivery 
Phone: Dixon 9918 : cycle due to enormous mass production facilities. 
CANADIAN DIVISION \ — А \ ; 

C. C. Meredith & Co.. Ltd - A CTS control can be tailored to your specific requirement. 


Streetsville, Ontario Refer your control problems to CTS specialists today. 
Phone: 310 


SOUTH AMERICA 
Jose Luis Pontet 
Buenos Aires, Argentina 
Montevideo, Uruguay 
Rio de Janeiro, Brazil 
Sao Paulo, Brazil 
OTHER EXPORT 
Sylvan Ginsbury 

8 West 40th Street 

New York 18, New York 
Phone: Pennsylvania 6-8239 


CHICAGO TELEPHONE SUPPLY 
Co о ILD 


ELKHART * INDIANA 
FOUNDED 1896 


The Exclusive Specialists in Precision Mass Production of Variable Resistor 


O ooo NE 





AES line of UNION 
“Selenium Slim” Rectifiers 
is now made with a new cell 
which has a reverse voltage rat- 
ing of 33 volts rms and is approx- 
imately 20% thinner than the 
previous cell 

These Spacesaver rectifiers of- 
fer more compact, efficient recti- 
fier units and permit rigid space 
and performance requirements to 
be met. What's more, UNION's 
radically different manufacturing 
method for these miniature cells 
results in lower prices 
UNION Selenium Tubular Recti- 
fiers, especially developed for 
high-voltage, low-current appli- 
cations, are available in physical 
cell sizes from ¥% to !4 inch in 
diameter and are rated 1.25, 2.5, 
5, 10 and 20 milliamperes, D. C 
per cell, in a half-wave circuit 
supplying a capacitive load. They 
are made for fuse-clip type 
mounting or with axial end leads 
Available in both phenolic or 
heremetically sealed glass tubes 
A new, 33-volt, UNION selenium 
power rectifier cell is also avail 
able. Cells range in physical size 
from 1” x 1” to 5” x 6” and are 
designed for stud, bolt or bracket 
mounting. Ratings range from 
180 to 10.0 amperes per cell on 
a single-phase, full-wave bridge 
basis in accordance with the 
latest NEMA approved specifi- 


cations ^ 


Write for complete information. 


i 


New Spacesaver “Selenium 
Slim" Rectifier using 33-volt 
cells is 2%,” shorter than regu- 
lar 9” rectifier using the orig- 
inal 26-volt cells. Voltage and 
current ratings are the same. 





. Catalogs 
an 
Bulletins 


To obtain copies of literature 
described below, circle corre- 
sponding number on coupon 
at end of this section. 


(U-1) SwircH—Bulletin, 2 pp, de- 
scribes multi-button switch that pro 
vides two to 7 selective circuits. Soreng 
Products Corp., 9555 Soreng Ave., 
Schiller Park, Ill 


(U-2) AUTOMATK TRANSFER 
SWITCHES—Publication 596, 16 pp, 
describes electromagnetic devices de 
signed to transfer load from normal to 
emergency power source. Automatic 
Switch Co., 391 Lakeside Ave., Orange, 
N. J 


(U-3) POWER SUPPLIES — Data file 
provides ratings on over 500 stock- 
model supplies, in addition to a discus- 
sion of methods of rating power supply 
performance, including output range, 
regulation, ripple, internal impedance, 
stability and dynamic response. NJE 
Corp., 345 Carnegie Ave., Kenilworth, 


N. J 


(U-4) WOUND CORES— Bulletin WC- 
356, 32 pp, includes mechanical dimen 
sions, tolerances, weights, along with 
curves giving exciting runs via per lb 
and watts per pound and the a-c mag- 
netization with various d-c bias. 
Thomas & Skinner, Inc., 1178 E. 23 St., 
Indianapolis, Ind 


(U-5) PRECISION COMPONENTS — 
Bulletin G-3, 4 pp, contains specifica 
tions for encapsulated precision wire- 
wound resistors, encapsulated toroid 
coils, miniature magnetic clutches, pre- 
cision wave filters, telemetering filters, 
precision ratio transformers, miniature 
toroid power transformers, magnetic 
amplifiers, decade inductor units, pro- 
gram equalizers, variable filters and 
variable attenuators. Hycor, 12970 
Bradley Ave., Sylmar, Calif 
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900 


series 


The new standard of high-precision potentio- 
meters. Advantages include greater accuracy, 
finer resolution, lower torque, longer life and 
better performance under adverse environmen- 
tal conditions. 48 standard models meet most 
special design requirements. 


MATT] 


1100 


series 


Precision potentiometers that offer your 
products a price advantage in today's 
competitive markets. Engineered for easy 
installation with readily accessible ter- 
minals. Accurate, dependable, long lived. 


series 


Long a favorite for both military and 
commercial purposes. Has udi 
exceptionally rugged and dependable 
in years of use on many mobile and 
stationary applications. 


BORG MICROPOTS 


precision potentiometers with 


UNLIMITED DESIGN APPLICATIONS... 


MORE PROFITABLE PRODUCTION POSSIBILITIES 


Your job is made easier when you use Borg Micro- most rigid commercial and/or military specifications. 


pots. They're versatile . . . they're flexible. Standard They're readily available too. Production has been 


models can be readily adapted to meet the special stepped up to assure prompt delivery of any model 


requirements of a wide variety of applications. What in any quantity. We invite consultation with your 


is more they have many exclusive advantages: — — Borg "Tech-Rep". His helpful advice can often save 


absolute linearity, permanent accuracy, long life, and you time and money. Write us today for his name 


dependability. You can rely on them to meet your and address. It will pay you to know him. 


BORG EQUIPMENT DIVISION 
The George W. Borg Corporation 


Janesville, Wisconsin 
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TENSOLON 
WIRE & CABLE 


. for —90?C to 


NE. operation , 


For an m 


margin o 
bility atn ‹ 
ing temp 
insulated | 
сһетїса 


TEFLON 
INSULATED 
HOOK-UP 
WIRE 


TEFLON 
LEAD WIRE 


SHIELDED 
TEFLON WIRE 


TEFLON TUBING 


TEFLON 
AIRCRAFT WIRE 


JACKETED 
SHIELDED 
TEFLON 
INSULATED 
CABLE 


MINIATURE 
TEFLON 
COAXIAL 
CABLE 


MULTI- 
CONDUCTOR 
TEFLON 
CABLE 


CUSTOM 
TEFLON CABLE 


WRITE FOR 
fame. 


i 
Lis 
f MEdtord 1-2300 


» 


{52 


t ependa- 
irnum operat- 
atures, specify Tensolite's rugged Teflon ® 
ire and cable products. Resistant to all 
> and solvents, Teflon combines minimum 
wall thickness with highest dielectric strength. 


m 


у PRODUCT 


Extruded Teflon insulation to meet the requirements of MIL-W-16878A 
Types E and EE, sizes 10-30 AWG in 14 solid colors and spirally striped 
Parallel wrapped Teflon — exclusive patented construction featuring 
super-flexibility, sizes 20-34 AWG in 14 solid colors to MIL-W-16878A 
Types E and EE 

Spiral wrapped Teflon — special cross-lapped construction with spiral 
striping conforming to commercial (GEN-104) and military (MIL-W-76A) 
specifications having the standard stripe width, lay and spacing 
Sizes 8-30 AWG to MIL-W-16878A Types E and EE Specification 

NEW 5 mil! wall *ubminiature Teflon hook-up wire for applications 
where space factor is extremely critical. Sizes 26, 28, 30 and 32 
AWG in 4 solid colors 


Teflon impregnated fibreglas braid over Teflon insulated wire for high 
temperature motor and transformer leads. Sizes 8-32 AWG, solid and 
tracer colors 


Silicone lacquered fibreglas braid over Teflon insulated wire for 
class H applications. Sizes 8-32 AWG, solid and tracer colors 


All of the above described hook-up and lead wires are available with 
closely woven wire braid shields to all military and customer 
specifications 


100% shielding provided with a close-fitting drawn copper or alumi 
num tubing available on request 


Ultra-flexible slip-on insulation for 20-30 AWG sizes available in 14 
solid colors, 


New improved Teflon-glass-Teflon sandwich construction proviaing 
superior resistance to abrasion and vibration, as well as increased 
margin of safety for overload protection and emergency operation, 
Conforms fully to MIL-W-7139A, available in sizes 6 to 22 AWG 


Teflon outer jacket cross-lapped and fused to provide an impervious 
and flexible covering completely resistant to all corrosive chemicals 
Available in 10 solid colors, or spiral striped, sizes 10-30 AWG 
Teflon impregnated or silicone lacquered fibreglas braid outer cover 
ing over shielded Teflon insulation. These class H cables are available 
in solid and tracer colors, sizes 10-30 AWG 


Extruded vinyl or nylon jackets over shielded Teflon wire for high 
frequency, moderate temperature applications. All standard sizes and 
colors 

Nylon lacquered nylon braid outer covering over shielded Teflon wire 
for extra rugged applications at temperatures not exceeding 120°C 
Solid colors and tracers, sizes 10-30 AWG 


50, 70 and 93 ohm extruded Teflon insulated miniature coaxial cables 
with extruded vinyl, nylon or Teflon outer jackets. Also available with 
lacquered over-braids 


Finished coaxial cable assemblies are now being supplied with minia- 
ture connectors and fittings 

Copper or aluminum clad miniature Teflon insulated coaxial cables 
for rugged applications with extreme size and weight limitation. The 
semi-rigid nature of this construction minimizes self-generated noises, 


Flexible low-noise miniature Teflon insulated coaxial cables are also 
available on request 


Teflon insulated conductors cabled together to exact customer 
specifications 


Shielded multi-conductor Teflon insulated cables 

Teflon outer jacket, silicone or Teflon impregnated fibreglas braid 
and nylon lacquered nylon braid over shielded multi-conductor Teflon 
insulated cables are available for numerous specialized applications 
in tele-metering and instrumentation 


Tensolite's development facilities are ready to assist you in the de 
sign and selection of special Teflon wire, cable and thermocouple 
constructions as well as custom wire assemblies and harnesses 


INSULATED WIRE CO * INC 


198 MAI » TARRYTOWN, NEW YORK 
MAING SIBEST A TARRYT аа B. eo EM 


ar "T |‘ atalogs and Bulletins 


L7 


* Du Pont 


continued 


U-6) POWER SOLENOIDS Bulletin 
GEA-6215-A, 16 pp, gives application 
and accessory information on indus- 
trial solenoids. General Electric Co., 


Schenectady 5, N. Y 


(U-7) D-c 
80-1, 4 Pp, 


AMPLIFIERS—Data Sheet 
contains descriptions and 
schematic drawings of four typical ap 
plications of the instrument, as well as 
general technical information concern 
ing voltage and current amplification 
Fielden Instrument Div., Robertshaw 
Fulton Controls Co, 2920 N. á St. 
Philadelphia 33, Pa 
(U-8) CAPACITORS ) 
pp d give information concerning 


Bulletins (4), 2 


construction, temperature curves, speci- 
fications and specific ordering data 
Glenco Corp., Metuchen, N. J 


(U-9) ELECTRONIC TERMINALS, SEALS 
Catalog describes multiple headers, 
terminals, seals, closures. Electrical In 


Newark 4, 


dustries, 44 Summer Ave., 


N. J 


(U-10) HEATERS AND HEATING DE 
vıcES—Bulletin GEC-1005G, 60 pp, 
contains application index, calculating 
data, specifications, operating informa- 
tion and list prices of standard heaters 
and heating devices. General Electric 


Co., Schenectady 5, N. Y 
(U-11) SOLENOIDs—Catalog describes 
explosionproof, oil-immersed solenoids, 
brakes, 
based (reciprocating action) motors 


N. Mil 


solenoid operated solenoid 
Trombetta Solenoid Co., 32 
waukee St., Milwaukee 2, Wis 


(U-12) WiRE-WOUND RESISTORS- 
Bulletin C-1A, 12 pp, has data on con 
struction, features, types, ratings, ter 
minations and leads, coating, insula 
tion, winding. International Resistance 
Co., 401 N. Broad St., 


Pa 


Philadelphia 8. 


U-13) PiLOT LIGHT ASSEMBLIES 
750, 11 pp, describes indicat 
ing lights for control panels and equip 


Catalog 


ment controls. E. F. Johnson Co., 


Waseca, Minn 


U-14) ELECTRICAL AND LUBRICAT 
ING DEvicEs—Catalog 55, 8 pp, con 
tains descriptive data on all electrical 
and lubricating devices made by this 
company. Trico Fuse Mfg. Co., 2948 
N. Sth St., Milwaukee 12, Wis 
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ASUS 


the one source for 


ELECTROMAGNETIC CONTROL 
that offers engineers 
complete design flexibility 


ASCO designed and manufactured electromagnetic 
controls provide completely automatic control systems for 
all industry — marine, communications, power, lighting, 
heating and machinery. Since 1886, Automatic Switch 
Company has pioneered in new developments that meet 
the advancing needs of modern industry. All are part of 
a continuous program to provide the engineer with com- 
plete design flexibility 

Го learn more about ASCO equipment: See Sec- 
tion J for information on the extensive line of ASCO 


Solenoid Valves 


COMPLETE CONTROL PANELS 


ASCO engineered and manufactured 


e provided by combining 


1025-1115 DC, 


Contactors f Low Voltage, 
n High Amperage 


computers 


1035 AC, 


Normally Open Double Throw 


1025-1318 0С, 


911-1875, AC-DC, 
Field Discharge Feeder Switches 
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10454 
Stroke up to 15$" 


106514 
High Pull 
Stroke up to 1" 


10654 
Stroke up to 1" Fuel throttle control. 


Stroke up to 1%” 


SPECIAL PURPOSE RELAYS 


E. Là 


Reverse Current Brake Motor Time Delay Close Differential 


д 


Coil-less Electronic 


alla 


MECHANICALLY HELD RELAYS 


P 5 1 1054 
i k 
i 
f POM 
Dus 
gon : 
I 
t 
{ 


1256-168S—AC 1255—AC-DC 1255-166S—AC 
21012 Poles, 10 Amp. — 1to5Poles,25Amp. | to6 Poles, 25 Amp. | 


WRITE US FOR MORE DETAILED INFORMATION ON ASCO 
ELECTROMAGNETIC CONTROL EQUIPMENT 


Electromagnetic Controls 





Catalogs and Bulletins continued 


(U-15) PLATE MAGNETS — Catalog 

1205-D, 8 pp, contains engineering 

data and specifications for 35 standard 

sizes. Dings Magnetic Separator Co., 

What looms 4740 W. Electric Ave., Milwaukee 46, 


ahead on ۵ 


Wis. 


(U-16) PERMANENT MAGNETS - 
Manual 5-R, 11 pp, discusses: (1) Cast 
magnets—Alnico І, II, Ш, ТУ, У, УІ 
XII; (2) Sintered magnets—Alnico II 
IV, V and VI, Indalloy and Indox; (3 
Ductile magnets—Cunife I and Cuni 
co; and (4) Formed magnets—chrome 
When and cobalt steels. A chart summarizes 
— n characteristics, application and design 
specifications \ factors, А ане, manu 
call for | facturing methods and shape limita 


tions of each material Indiana Steel 
RESISTANCE ALLOYS Products Co., Valparaiso, Ind 
— consult (U-17) SILICON RECTIFIERS—Book 


WILBUR B DRIVER let, 8 pp, describes six types of recti 


fiers. Sarkes Tarzian, Inc., 415 N. Col 
lege Ave., Bloomington, Ind 


(U-18) MACHINE TOOL LIMIT 
SwITCH—Catalog 955, 10 pp, has pur 
chasing and specification data on 
switches, including information on 
housings, wiring diagrams, ampere rat 
ings, operating data and electrical 
characteristics. R. B. Denison Mfg. Co., 
102 St. Clair Ave, N. W., Cleveland 
13, Ohio 


(U-19) SELENIUM RECTIFIERS—Bul 
letin M1, 8 pp, includes physical and 
electrical characteristics charts together 
with diagrams giving the exact dimen 
sions of each type of rectifier. Federal 
Telephone and Radio Co., 100 Kings 
land Road, Clifton, N. J 


(U-20) NICKEL-CADMIUM BATTERY 

Folder, 4 pp, contains specifications 

Alloys of Proven on a sintered plate, nickel cadmium 
Performance for — storage battery, made for 6 and 12-v 
service. Sonotone Corp., Elmsford 


ELECTRICAL APPLIANCES POTENTIOMETERS N. Y 


BALLASTS + RADIANT HEATERS 

ELECTRIC FURNACES • RESISTORS : = E 
үт? Specialists in ELECTRIC RANGES « RHEOSTATS (U-21) PRINTED CIRCUIT CONNEC 

ri ELECTRON TUBES - . ne TOR—Data sheet, 2 pp, gives descrip 

GLASS-TO-METAL SEAL ۰ ww 4 scificati ‚ i 
| HIGH TEMPERATURE « SOLDERING IRONS tion and specifications, plus mounting 
AIRBORNE EQUIPMENT * HIGH AND LOW TEM- and clearance dimensions. Dejur 
NUCLEONICS PERATURE COEFFICIENTS Amsco Corp., 45-01 Northern Blvd., 


Long Island City 1, N. Y 


7 6\ 
^ Wilbur B. Driver Co; 


(U-22) SYNCHROS, SERVOS, RESOLV- 
NEWARK 4, NEW JERSEY 


ERS— Bulletin 376, 4 pp, gives charac- 
teristics of over 138 units. Norden- 
Ketay Corp., 555 Broadway, New York 


For Over A Quarter Century Manufacturers of Dependable 12 N.Y 


Electrical. Electronic, Chemical and Mechanical Alloys 
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l TYPE $ Adjustable Positive-acting, 
* with electrically independent bimetal 
> * Adjusting stem ond terminals to customer 
" specification. See Bulletin F-2006 


2 TYPE $ Non-Adiustable. Electrically 


. 
identical to adjustable Type S 
0 0 0 e | | | C 0 e [| | | 0 S a S | [5 Single-stud mounting. Operates to 650°F 
Rating: 15 amps at 115 volts AC 


10 amps ot 230 volts AC 
See Bulletin F-2006 


for precise, sensitive temperature control —— swess acce ces m 


electrically independent bimetal 
Also single-pole, double-throw 
Adjusting stem and terminals to customer 
order. See Bulletin L-6397.A 
If your product requires precise, sensitive temperature control . 


if it's scheduled for volume production —look to. Stemco thermostats first А ТҮРЕ SA Non-Adjustable. Is electrically 


identical to adjustable Type SA 


Since Stevens produces the broadest range of bimetal thermostats Non-inductive-load rating 15 amps 
at 115 volts AC, 10 amps at 230 volts AC 


in the industry, chances are you can use a standard production-line See Bulletin L-6397.A 
unit to satisfy all your special requirements exactly. This saves design, б ТҮРЕ SM Monvol Reset. Mechenicolly end 
development and tooling expense...cuts down on lead time... electrically same os adjustable and non 


adjustable Type SA except for manual 


gives you a better, proven thermostat at lower cost — sooner reset feature. See Bulletin L-6397.A 


TYPE W. Adjustable (shown) or 
non-adjustable types. Snap action 
prevents arcing. Operotion to 350^F 
Rated at 12 amps at 115 volts AC, 8 amps 
at 230 volts AC. See Bulletin L-6395 


7 TYPE A Semi-Enclosed. Insulated, 
electrically independent bimetal disc 
gives fast response and quick 
snap-action control Operation from -40 
to 400^F. Various mountings and 
terminals. See Bulletin L-9070 


B TYPE A Hermetically Sealed 
Electrically identical to semi 
enclosed Type A. Rated at 8 omps 
at 115 volts AC, 4 amps at 
230 volts AC, and 4 amps at 
28 volts DC. For appliance, 
electronic, apparatus 
applications. See Bulletin L-9070 


TYPE C Semi-Enclosed. Smoll 
positive-acting. Electrically 
independent bimetal strip for 
operation from -75° to 300°F 
Terminals and mountings to 
customer specifications 


See Bulletin L-6934 


TYPE C Hermetically Sealed. Electrically 
identical to semi-enclosed Type C 

but sealed in crystal can. Also supplied 
as double thermostat ‘alarm’ type 
Rated ot approximately 3 amps 
depending on application 

See Bulletin L-6934 


ТҮРЕ К. Sealed, non-adjustable (shown 
or adjustable styles. Positive acting 
for operation to 650°F. Rated at 

15 amps at 115 volts AC, 10 amps 

ot 230 volts AC. See Bulletin F-2003 


TYPE M Semi-Enclosed. Compact unit 
with electrically independent bimetal 
disc for appliance and electronic 
applications from -60° to 400°F. Virtuall 
any type terminal. See Bulletin F-2009 


STEVENS manufacturing company, inc. TYPE M Hermetically Sealed. Electrically 
Lexington and Mansfield, Ohio "TH E н MOSTATS $ame as semi-enclosed Type M. Rating 


8 amps at 115 volts AC, 4 amps at 


230 volts AC, 4 amps ot 28 volts DC 
See Bulletin F-2009 АА 25 





TO MEET TODAY'S RIGID REQUIREMENTS 
PERFECTED BY THE 


cómo, colit 


y-sealed, general purpose relay has 


been designed L ncreased magnetic force, to provide 


travel than 


higher nt pr sures nd greater are usually 


care has been taten tł assure 
sits 
res, 28 Volts DC, resistive 
25 C. Vibration 
Shock: 50g, !! m 
rite for Bulletin AWH RY 100 


Ambient Ter 
5g to 2,000 
seconds m [*] 


ontact chatter 


TYPE 300 
COUNTERBALANCED RELAY 


WITH SEPARATELY SEALED 
CONTACT CHAMBER 
Uniquely designed with contacts isolated from coil. Contacts 
can never become contaminated with vapors or gas from or- 
ganic insulating materials. 


TIMING AND CONTROL DEVICES BY THE A. W. HAYDON COMPANY ARE RECOGNIZED AS THE MOST DEPENDABLE PERFORMERS IN THE FIELD. 


400 CYCLE MOTORS 


Reversible — Light weight (8 
ounces). 115 volts = 10%; 55 mil. 
liamps. Torque: 0.025 oz-in at 3000 
rpm. Meet Military Requirements, 
Write for Bulletin AWH MO 803. 


MINIATURE HERMETICALLY 
SEALED TIMERS 


Supplied in 2'/,'' diameter housing 
Optional mounting and electrical 
termination 


TIME DELAY RELAYS 


Single or multiple switching. Delay 
periods from 2 seconds to 3 hours 
Write for Bulletin AWH TD 400. 


REPEAT CYCLE TIMERS 
Single or multiple switching. Wide 
Range of Time Cycles. Write for Bul- 
leiin AWH RC 200 


PROPORTIONAL DELAYED RESET 
TIME DELAY RELAY 


Be 
an 


m 


Provides a controlled reset rate. 
Designed to meet special appli- 
cations. Hermetically sealed or 
enclosed in dust cover. Meets 
military requirements. Write for 
Bulletin AWH TD 402. 


FOR FULL PARTICULARS ON COMPLETE 
LINE OF THE A. W. HAYDON COMPANY'S 
ELECTRO-MECHANICAL DEVICES, WRITE FOR 
CA ALOG, DEPT. PED 


GOVERNED DC MOTORS 


The A. W. Haydon Company now offers 
3 series of Chronometrically Governed 
DC Motors. Each designed to do the 
same job in a different application 
5700 Series — non-military applica 
tions where extreme temperature, vi 
bration and shock are not experienced 
5600 Series — Aircraft and military 
applications where extreme tempera- 
ture and moderate vibration and shock 
are encountered 

5800 Series — Aircraft and missile ap 
plications where extreme temperature, 
vibration, and shock are encountered 
Write for Bulletin AWH МО 800, -80!, 
802, -804 


SPECIAL TIME DELAY RELAY 


Supplied in 2.2" diam- 
eter housing. Precision 
unit: 1%, accuracy. 
Meets military require- 
ments. Adjustable over 
wide range. Write for 
Bulletin AWH TD 500. 


20-30 Volts DC. Precision Move- 
ment — Electrical Reset Tempera- 
ture Range -65°F to 185°F. 
Option on mounting and electrical 
termination. Write for Bulletin 


AWH ET 700. 


"A WZMAYDON 


COMPANY 


244 NORTH ELM STREET 
WATERBURY 20, CONNECTICUT 


Design and Manvfacture of Electro-Mechanical Timing Devices 
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sulated 
wire on hic 
point molded 
bobbin. 


тнЕ 22,0622 e ANSWER TO 


YOUR SOLENOID PROBLEMS 


@ COMPACTLY DESIGNED —for powerful performance. 


9 SHOCK-MOUNTED —Reduces self-destruction —greatest cause of sole- 
noid failure. 


@ HIGH MOISTURE RESISTANCE—Thoroughly impregnated with insulat- 
ing baking varnish. 


@ ALTERNATING CURRENT TYPES—Welded base construction for hori- 
zontal mounting. Welded or shock-mounted base for vertical mounting. 
Available in standard voltages, push or pull types, J. l. C. specifications. 


@ DECCO D.C. SOLENOIDS—are NOT MODIFIED AC SOLENOIDS. 
They deliver a tremendous force in a small space—ideal for mobile 
equipment. 


@ WAFER-TYPE SOLENOIDS—Dependable, small, short stroke, low 
amperage, push or pull solenoids for small mechanisms and light 
valving. 


@ SPECIAL SOLENOIDS ENGINEERED TO YOUR PROBLEMS. 
FOR COMPLETE INFORMATION 


ON ALL DECCO INDUSTRIAL 
SOLENOIDS » WRITE: 


HORIZONTAL 
PUSH-TYPE— 
WELDED BASE 


! VERTICAL 
PULL TYPE— 
SHOCK- 
MOUNTED 


VERTICAL 
PUSH TYPE- 
WELDED BASE 


A C WAFER 
SOLENOID 


DC 
INDUSTRIAL 
SOLENOID 


2435 HILTON ROAD, FERNDALE 20, MICHIGAN 


Product Engineering — Mid-October, 1956 





Üne or more of these 


G-E wires, cables, and cords 
can give your product 
extra advantages 


For many years, General Electric has helped solve the electrical equip- 
ment wiring problems of leading manufacturers. G-E wires, cables, 
and cords can also become an important part of your product. (A few 
examples of the many types of wires available are shown here). Where 
new products require it, G-E engineers will gladly assist product de- 
signers in meeting special wiring requirements. Write for free copy 
“G-E Wires, Cables, Cords for Product Designers.” Address Section 
W 163-1067 Construction Materials Division. General Electric Com- 
pany, Bridgeport 2, Connecticut. 


* Registered Trode-mork General Electric Стралу 
** Trade-mark registration applied for by General Electric Company 


Progress ls Our Most Important Produet 
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FLAMENOL* WIRES AND CORDS 


MACHINE TOOL WIRE Small diameter, color coded, acid-, 
and oil-resistant. (90 C in air, 60 C in water, oil or coolant; 
600 volts.) 


APPLIANCE AND FIXTURE WIRE For general internai or 
external wiring of lighting and similar fixtures, and internal 
wiring of radios, refrigerators, washing machines, and the like. 


APPLIANCE WIRE For wiring appliances where high tem- 
perature rating is required. 600 volts, not exceeding 105 C. 


RIP CORD—SPT For table and floor lamps, radios, fans and 


other small devices. Smooth, attractive, long-wearing finish. 


SILICONE RUBBER WIRES 


APPLIANCE AND FIXTURE WIRE For sun lamps, therapeu- 
tic devices, and other high-wattage units. 600 volts, 200 C 
maximum copper temperature. 


APPARATUS LEADS—CLASS H For high-temperature appli- 
cation where flexibility is required, such as motor and trans- 


former leads. 600 volts, 200 C. 


SO, SJO, S, SJ, SV Resistant to sunlight, oil, water, acids, 
alkalies and heat. Available for light-, medium-, or heavy-duty 
on household appliances, office machines, portable tools and 
for use in extreme conditions such as garages, packing houses, 
chemical plants, etc. 


SP For light-duty applications in damp locations and for 
floor lamps, clocks, radios, etc. 


PREENEX* HEATER CORD  Outwears fabric type cords ten 
times. Water-, oil-, and grease-resistant. 300 volts, for 90 C 
service. 


MOTOR LEADS  Geoprene* cable for fractional hp motors, 
coils, ballasts, etc., particularly for use where wire must stand 
elevated temperatures. 


ALKANEX** WIRE Insulated with heat-resistant polyester 
film that permits lighter, more compact motors . . . raises 
motor ratings as much as 2596. Temperatures up to 150 C, 
exceeding Class B. 


FORMEX* WIRE Designed for motors, coils, and other wind- 
ings where space is at a premium and resistance to moisture, 
fumes, and abrasion is required. Class A, temperatures up 


to 105 C. 


DELTABESTON* WIRE For winding motors, lifting magnets, 
brake coils, generators, etc., subject to high ambient tem- 
peratures and intense operating heat. Class B, temperatures 
up to 130 C. 


DELTABESTON WIRE 


RANGE WIRE An improved appliance lead wire designed 
for increased dielectric strength and moisture resistance. 300 
volts, 125 C. 


APPLIANCE WIRE Available with smokeless or moisture- 
resistant insulation. 


APPLIANCE LEAD WIRE Recommended for use on appli- 
ances such as sterilizers, etc., where both heat and moisture 
are a problem. 


FIXTURE WIRE For all types of interior lighting fixtures and 
other high-wattage units such as sunlamps, etc. 


SWITCHBOARD WIRE Will resist heat, flame, oil, and cor- 
rosive vapors. 





FERRAMIC 
CORES 


o 
So o 


о 
о 
оо 


FERRAMIC 
MAGNETIC 


MAGNETIC 
MEMORY 
PLANES 


"ADVAC" HIGH 
TEMPERATURE 
SEALS 


STEATITES 


- 


А % 
Ar 


When 
you 


need 


industrial 
ceramics 


- UP 


consult... 


ЕЗ 


aa 


General Ceramics design and production facilities are 
geared to today’s electronic and electrical requirements. 
In many cases, standardized designs and production 
methods can reduce costs and facilitate delivery. When 
specifications call for new designs and engineering, 
General Ceramics’ half century of ceramic manufacturing 
experience is available to help solve your problem 
quickly, and economically! 


For Complete information, 
call or write Department HD 


Headquarters for STEATITE, ALUMINA, ZIRCON, PORCELAIN SOLDERSEAL TERMINALS, “ADVAC” HIGH TEMPERATURE 
SEALS, CHEMICAL STONEWARE, IMPERVIOUS GRAPHITE, FERRAMIC MAGNETIC CORES, MAGNETIC MEMORY PLANES 
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DESIGNING HEAT INTO YOUR PRODUCT? 


General Electric Metal-sheath Heaters 
save Time in Both Production and Design 


HEATING LIQUIDS 


a q 1 


DIRECT CONTACT WITH LIQUID over entire 
beating surface provides fast heat-up and 
minimizes heat-transfer losses. Thermostat is 
easily installed for temperature control. 


SIMPLE ELECTRICAL CONNEC- 
TIONS, after heater is screwed 
into place, complete installation 
Assembly is fast, easy 


DISHWASHER MAKER CHOSE screw- 
in type G-E immersion heater from 
wide variety available. Threade 1 
fitting speeds installation. 


HEATING SURFACES 


= 


EASILY FORMED WITHOUT BREAK- 


LONG LIFE comes from 
bining quality die work 
dependable G-E heaters 


com- 
with 
Users 


STURDY METAL SHEATH 
heaters right into die body-— without pro- 
duction headaches. Result is dependable, 


permits casting 
ING ... this is reason why General 
Electric tubular heaters are choice 


of branding-iron manufacturer. 


HEATING PROCESS AIR 


E жт AF 


LARGE RADIATING SURFACE per 2 
unit length of G-E finned tubular 
heaters allows maximum air circu- 
lation in forced-convection heating 


“Protective metal casing 


even heating of entire die surface. 


Brazed fins 
for quick heot tronsfer 


Зд V. 0 нода фае носне 
COMPLETELY ENCLOSED heating element of 
General Electric finned heaters is protected 
from dust in the air stream, eliminating 
trouble from short circuits. 


report up to 12 years life. 


PRE-FORMING TO YOUR SPECS 
reduces on-site fabrication time 
and costs, and helps 
problems of installation 


solve 


HANDY SELECTOR GUIDES . 


Learn how to pick the ri 


NAME 

COMPANY 

ADDRESS 

CITY STATE 


ght G-E heater for your job. 


Mail to Section C723-11, General Electric Company, Schenectady 5, N. Y. 


LIGEA-6113 Handy Selector Guide for Metal Melting 

[JGEA-6146 Handy Selector Guide for Surface Heating 

[JGEA-6305 Handy Selector Guide for Water, Alkaline or Plating Baths 
[JGEA-6306 Handy Selector Guide for Heating Oil 

[]GEA-6361 Handy Selector Guide for Heating Rooms and Buildings 


For more information, contact your local G-E Apparatus Sales Office 


— GENERAL QD ELECTRIC 
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MAGNETIC AMPLIFIERS - INC. A < 


SERVO MAGNETIC 
and TRANSI-MAG* AMPLIFIERS 


Standard AC and DC 
3 Amplifiers include: 


| MAGNETIC PRE-AMP + 

* SATURABLE TRANSFORMERS, 
MAGNETIC PRE-AMP + 

HIGH GAIN MAGNETIC 

AMPLIFIERS, and the 

TRANSI-MAG incorpo- 

rating TRANSISTORS 

Request and HIGH GAIN 
2. 5 MAGNETIC AMPLIFIERS 


IR. — 1/8, 1/15, 1/40 HP. 
SIZE 1— 1/4, 1/3, 1/2 HP. 
SIZE I| — 3/4, 1, 112 HP. 
SIZE III — 2, 3, 5 HP. 
Request BULLETIN $580 


AUTOMATIC UNIVERSAL TRANSISTOR and 
POWER-TRANSISTOR CURVE 
TRACER 


Displays Collector and 
Transfer Curves on 
Cathode Ray Oscillo- 
scope. Handles all 
types of transistors 
and power transistors. 
Curve tracer permits 
rapid determination of 
parameters. For ѕе- 
lecting, matching and 
detecting anomalies 
and rejects. 


Model 200A — TRANSISTOR CURVE TRACER — BULLETIN $393 
Model 300A — POWER-TRANSISTOR CURVE TRACER — BUL. S667 


WEST COAST DIVISION 


E 





D 
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SPECIAL 

PURPOSE 
ANALOG 
COMPUTERS 


Complete SERVO 
SYSTEM ENGI- 
NEERING for auto- 
mation and control, 
including design, 
development and 
production. 









SIZES 1, Il, I and JR. 


Non-electronic, stepless instant 
starting; compact, 50:1 speed 
range, good regulation without 
tachometer. Long life, virtually 
maintenance-free, low cost; fast 
response, reversibility, dynamic 
brake, local or remote control. 


MODEL 240 PHASE ANALYZER 
and VACUUM TUBE VOLTMETER 


Easily operated instru- 

ment fcr making com- 

plex measurements. 

Phase and voltage AC 

signals measured 

simultaneously, and 

read directly from dial 

and meter scales. In- 

dispensable for align- 

ment of SERVO 

SYSTEMS, measure- 

ment of input require. 

ments of non-linear 

loads and determina- 

tion of amplifier input Request 
impedances. BULLETIN S675 





VOLTAGE-CURRENT-FREQUENCY REGULATORS 


MODERN TUBELESS, 
REGULATED RECTI- 
2 FIER LINE — Virtually 
à maintenance-free 


; 8 [ operation. 
Шш SIZES 


ru ш 





au i 


DIESEL or MOTOR М 
GENERATOR—ALTERNATOR 
REGULATORS | 


Provides high accu- 

racy, fast response 

and dependability. 
Rugged construction, _ 
employs no tubes. <; 
Meets gum gov- TN » 
ernment specifications. os 
Standard 30 KVA, 400 CPS, < 
3-Phase 4-Wire 115/200 Volts 

PACKAGE SUPPLY or CUSTOM Request 
DESIGNS for specific machines. BULLETIN $436 









.THEIR USE 


Precision switches to 


IS A PRINCIPLE 


OF 


meet a wide variety 


of product design and plant use applications 


MICRO SWITCH precision switches are important 
components in almost every type of electrically 
operated equipment — from delicate instruments 
to massive machine tools. They are installed on 
existing plant equipment to make operation 
safer, more automatic, and more productive. 
Shown here are but a few of the many thou- 
sands of MICRO precision switch types which are 
famous throughout industry for utmost reli- 
ability, long-life, and precise operation. 


Look for these features when you 
buy precision switches 


Experience— MICRO SWITCH is a pioneer in the 
manufacture of precision snap-action switches 
to meet a wide variety of applications. 


Quality —MICRO SWITCH products are labora- 
tory-tested from raw materials to the finished 
product. Absolute reliability and uniformity of 
performance is assured. 


Product Engineering — Mid-October, 1956 


Service— Experienced MICRO SWITCH Field En- 
gineering Service is available from branch offices 
in key cities for consultation on switch problems. 


Development—micro switcH Engineering 
Service, if necessary, will cooperate in the de- 
velopment of an entirely new switch. 


Replacement — wicRo swiTCH products for re- 
placement or for installation on existing plant 
machinery are available from distributors in 
every industrial center. Look under "Switches, 
Electric" in the Yellow Pages. 


Savings — Precise operation, long-life depend- 
ability, and freedom from maintenance of MICRO 
SWITCH products produce considerable savings 
of time and money. 


MICRO SWITCH 


A DIVISION OF MINNEAPOLIS-HONEYWELL REGULATOR COMPANY 


in Canada, Leaside, Toronto 17, Ontor 


FREEPORT, ILLINOIS 


н 


163 





Catalogs and Bulletins continued 


(U-23) HEATING ELEMENTS— Book 


\ \ , 
\ Have You A Design Problem 
| А e let, 8 pp, describes flexible heating 
\ Involving Switches” tis units made of resistance coil grids 


molded within sheets of insulation ma 
terial. Electroflex Heat, Inc, 516 
Asylum St., Hartford 5, Conn 


(U-24) ELECTRICAL SPECIALTIES 
Catalog, 352 pp, includes switches of 
all types in ratings from 0.75 to 20 
amp; brass and phenolic lampholders 
equipped with push-button or pull 
chain switches; industrial lamp guards 
with phenolic, wood or rubber handles 
service lights in a wide variety of styles 
in medium and large sizes. McGill Mfg 
Co., Inc., Valparaiso, Ind 


(U-25) RHEOSTAT POTENTIOMETERS 

Bulletin A-3, 4 pp, gives data on 
construction, specifications, ratings, 
outline drawings of switches, shafts, 
locating lugs, nuts. International Re- 
sistance Co., 401 N. Broad St., Phila- 
delphia 8, Pa 


(U-26) WATER-ACTIVATED BATTERIES 
Bulletin GEA-6238A, 4 pp, include 
photographs, construction details and 


micro-switches operating characteristics of a number 


of primary “A” and “B” batteries. Gen 


Whether you're designing a new 
product or redesigning an exist- 
ing one, chances are that the 


eral Electric Co., Schenectady 5, N. Y 
Acro switches can ease your path. M A Most 
You see, no other line of snap- Can (U-27 


2 THERMOSTATS— Bulletin LI 


action switches comes in so many 1 ernehfs 2120, 2 pp, describes the various styles 
standard types. Hence, you can, Keguit which are available, and includes infor 
in all probability, profit from the OFTEN REDUCE mation on operating principles, per 
important savings of being able COSTS, TOO formance 
to use a pro«action line Acro mounting arrangements and applica 
switch for your special needs. tions. Stevens Mfg. Co., Inc., Lexington 


Too, there may be the oppor- Write for and Mansfield, Ohio 


tunity to improve your products 


performance . . . to solve pro- CATALOG f (U-28) SwirtcHEs—Bulletin 1438112, 


duction bottlenecks . . . to lower This 36-page switch | 8 pp, describes rotary switches for op 


costs. Why not find out today: came on erating such electrical instruments as 
Write us and one of our sales gives operating char- ammeters, voltmeters, frequency meters 
. . acteristics, ' 
engineers will call. and other specifications 
for nearly 100 types of 
Acro switches. Write for 
your copy today. 


data, ratings, dimensions, 


and PF meters; for such control func 
tions as synchronizing, tempe rature їп 
dicating and on-off operations, and for 
controlling such electrical equipment 
The Biggest Line of Little Switches as circuit breakers, transformer tap 


changers, motor-operated rheostats, and 


ACRO SWITCH DIVISION І governor motors. Allis-Chalmers Mfg 
PN Co., 1002 S. 70 St., Milwaukee, Wis 


(U-29) WIRE AND CABLE-——Booklet 

19-5942, 11 pp, covers listings and 

specification data on power cable, con 

trol cable, appliance and fixture wires 

COLUMBUS 16, OHIO | apparatus leads, heating cable, defroster 

wire, aircraft wire, shipboard cable and 

Plants at Columbus and Hillsboro, Ohio | generator leads. General Electric Co 


REPRESENTATIVES IN ALL PRINCIPAL CITIES Bridgeport 2, Conn 
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TAPS FOR 
~~ PARALLEL 
OR SERIES 


.081" O.D. 
1000 V.A.C. 
INSULATION 


TESTED AT 
12,000 RPM 


\ ' CIRCUITS 


exclusives ELECTRO TEC TECHNIQUES 


insure closer tolerances, absolute uniformity, 
and the ultimate in miniaturization 


Electro Tec units are the product of an exclusive manufacturing 
technique that results in accuracy unattainable by conventional 
fabricating methods. In this process a plastic is moulded around 
the wire leads. Accurate machining reduces this blank to the 
proper shape, complete with grooves. Hard silver is deposited into 
the grooves by electroplating to produce the required rings. Final 
machining insures concentricity and dimensional accuracy. The 
result is one-piece, unitized construction with conducting rings of 
70 to 95 Brinell hardness. 

Diameters of these assemblies range from .045" to 24" cylindrical 
or flat. Cross-sections may range from .005" to .060" or more. 
Rings are polished to a jewel-like finish and can be held to 4 
micro-inches or better. Even the smallest sizes withstand a 1000 
V.A.C. breakdown test. Most types easily withstand rotational 
speeds up to 12000 rpm. 


ELECTRO TEC Assemblies are Specified by the Nation's 
Leading Precision Instrument and Equipment Manufacturers for Proven 
Greater Dependability, Longer Life, Smoother Functioning. 

The uniformly superior performance of Electro Tec slip ring and 
commutator assemblies in thousands of industrial and govern- 
mental applications has resulted in wide adoption of these com- 
ponent units by most leading manufacturers of precision instru- 
ments and equipment. Although these products provide improved 
performance and extra dependability, prices are strictly com- 
petitive. Write today for fully illustrated literature. 


ELECTRO TEC (| CORPORATION 


SO. HACKENSACK NEW JERSEY 


> 


PRODUCTS OF PRECISION CRAFTSMANSHIP BY A NEW AND REVOLUTIONARY PROCESS 


Product Engineering — Mid-October, 1956 


13 RINGS 
CONCENTRICITY 
003” 


“V” GROOVE 


SILVER ON 
ONE PIECE 
NYLON FORM 


RINGS O 


ANCHORED 
IN DOVETAIL 


8 FLAT 

RINGS 

WITHIN 
54” RADIUS 


® ONE PIECE, UNITIZED CON- 
STRUCTION 


* ABSOLUTE MINIMUM TORQUE 
FRICTION 


i$ DIAMETERS FROM .045" TO 
24.0" 


$ MINIMUM 1000 V.A.C. HI- 
POT INTER-CIRCUIT 


@ UNIFORMLY HARD SILVER 
RINGS PLATED INTO GROOVES 
ON PRECISION MACHINED 
ONE PIECE PLASTIC FORM 


@ SPECIAL SURFACE DEPOSITS 
PREVENT TARNISH, MINIMIZE 
FRICTION, BRUSH NOISE AND 
PRACTICALLY ELIMINATE WEAR 


*PAT. NO, 2,696,570 





now available from 


STOCK STANCOR 


SELENIUM 
RECTIFIER ‘for 
TRANSFORMERS 


These new Stancor Transformers 
were specifically designed to 
operate in Full-Wave Center- 
Tapped or Bridge Type power 


popular brands of 


STOCK 


selenium 
rectifiers 


supply circuits, with the most popular size stock selenium rectifiers. 


Designed for 117V 50-60 cycle operation, the transformers may be satis- 


factorily operated at 400 cycles. 


They are recommended for all high current—low voltage applications: 
Variable tap arrangements permit an almost unlimited choice of voltages 


from 3.3V DC to 63.0V DC, up to 22.5 
particular transformer the user selects. 


Amperes, DC, depending on the 


These transformers may be used to heat tube filaments where filaments are 


not subject to any high voltage stresses. 


Stancor selenium rectifier trans- 
formers are in stock for immediate 
delivery from your Stancor 
distributor. 


TYPICAL 
OUTPUT 
VOLTAGES 


(Stancor 
Transformer 


RT-20 1) 


Output 2.0 A. D.C. 


Capacitive Load" 


sow— 225 


ص دہ د O<‏ دہ ی ی ھ بے € 
CO — ao‏ نب сэ‏ دا ص ی 


D» C OD C‏ د د س س 
дь СО ҺӘ e‏ د ت س دی د Qn CO гь‏ سے 


WRITE FOR FREE BULLETIN 518 
listing detailed information on 
the complete line of Selenium 
Rectifier Transformers. 


Resistive Load Capactive Load** 


Secondary Output | Secondary | Output 
Volts AC Volts OC Volts AC | Volts OC 
i i 


~ 
e 
ce 


— ONION ھ‎ 
d» uD OD —À Q3 ^2 OD «D 4» «ә СЭ С 
очо m Dl 0% 
Un d» On i» OD aon © 


Expert Sales CHICAGO STANDARD TRANSFORMER L2 


Roburn Agencies, Inc. CORPORATION LIT] 


431 Greenwich Street 
New York 13, N. Y 


3501! WEST ADDISON STREET 


CHICAGO 18, ILLINOIS 


Catalogs and Bulletins continued 


(U-30) MINIATURE CAPACITORS — 
Bulletin 271-2, 4 pp, illustrates and 
gives technical data on miniature, 
paper dielectric, hermetically sealed, 
feed-through capacitors designed for 
use in RF interference suppression. 
Gudeman Co., 340 W. Huron St., Chi- 
cago 10, Ill 


(U-31) TRANSDUCERS — Bulletins 
G7A, G1 and P60, 2 pp each, describe 
three types of pressure transducers with 
following ranges of force measurement: 
+0.3 to +5 oz, full scale; +1.5 to 
80 oz, full scale; +2.5 to +50 psi. 
Statham Instruments, Inc., 12401 W. 
Olympic Blvd., Los Angeles 64, Calif 


(U-32) ELECTRICAL FITTINGS--Cat- 
alog 561, 4 pp, contains illustrated de- 
scriptions and price information. 


Buchanan Electrical Products Corp., 
Hillside, N. J 


(U-33) MERCURY SAFETY SWITCHES 

Bulletin 800, 2 pp, describes line of 
switches for hazardous and corrosive 
atmospheres. Industrial Automation 
Corp., 2415 W. Montrose Ave., Chi- 
cago, Ill 


(U-34) CONNECTORS—Bulletin, 2 pp, 
gives specifications, mounting and 
clearance dimensions of miniature con- 
tinental connector with coaxial con- 
tacts. DeJur Amsco Corp., 45-01 


Northern Blvd., Long Island City 1, 
Y 


(U-35) HIGH TEMPERATURE RECTI- 
FIERS—These selenium rectifiers are 
capable of operating at plate tempera- 
tures of 150 C, withour derating. De- 
velopment of a new artificial barrier 
layer and counter electrode has resulted 
in permitting operation to very nearly 
the intrinsic and subdimation tempera- 
ture of selenium. Sarkes Tarzian, Inc., 
{15 N. College Ave., Bloomington, Ind. 


(U-36) ELECTRONIC TIMERS — Bro- 
chure, 6 pp, describes delay, repeat, 
cycle, and interval timers. G. C. Wilson 
& Co, 1915 8 Ave, Huntington, 
W. Va 


(U-37) SHAPED ALLOY WIRE—Bul- 
letin T-2, 4 pp, presents detailed infor- 
mation on available shapes, sizes and 
materials, and discusses several interest- 
ing applications of shaped wire. Alloy 
Metal Wire Div, H. K. Porter Co., 
Inc., Prospect Park, Pa 
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GLASTIC—Fiberglass-reinforced 
Plastic Electrical Insulation 
Engineered by Insulation Specialists 


Glastic was the first to serve the electrical industry 
with fiberglass-reinforced polyester insulation. All our 
activity—manufacturing, engineering, sales—is de- 
voted to this one field. At your command is a thorough- 
going experience—broad, unique, profitable to you. 
If you want to reduce your manufacturing costs and 
improve your product, let our trained engineers go 
to work for you. Your blueprints and specifications 
will receive our prompt attention. 


Proven Advantages of GLASTIC Insulation 


Heat stability * Dimensional stability 
High impact strength * High arc resistance 
Low moisture absorption 
Closer thickness and size tolerances 
Improves end product performance 
Users’ fabricating costs notably reduced 
Always — "Class B Insulation at Class A Prices” 


GLASTIC U-WEDGES 


Glastic molded one-piece U-wedges 
replace rectangular top-sticks for retain 
ing windings; make handling easier 
need less space; are easily sheared to 
length; are easily driven into slot cells 
You get 100% Class B performance 
throughout the channel. Users report 
up to 50% in labor savings. Wide range 
of sizes available. 

Write on your letterhead 

for Glastic U-wedge data. 


GLASTIC CHANNEL-DUCT 


Glastic panel wiring "Channel-Duct"' 
offers control panel manufacturers and 
others who utilize complex wiring lay- 
outs up to 30% savings in assembly 
costs...replaces solid wire layouts 
or harnesses, simplifies assembly, ex 
pedites layout changes, resists warp- 
age ... has excellent flame-resistant 
properties. 


Write on your letterhead 


for Bulletin "UCD". 


Our Engineering Department will be glad 
to study your electrical insulation problem. 


tHe GLASTIC corporation 


4321 Glenridge Road Cleveland 21, Ohio 
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Flat Sheet Laminates 


Our 13 grades afford as many combinations 
of physical and electrical properties, ena 
bling us to satisfy your Class B insulation re- 
quirements at Class A prices. Punches easily 
Rigid and flexible grades. Flame resistance 
as required 

Write on your letterhead 


for Bulletin "FS-1". 


Premix Custom Molding 


With Glastic Premix Custom Molding comes 
effective design assistance. Smaller and 
lighter components are made possible by 
Glastic's high impact strength and other 
superior physical and electrical properties. 
Replace porcelain, rag phenolic, and mica- 
glass parts with components molded by 
Glastic. Reduce size of end product, improve 
performance, cut manufacturing costs 
Ask on your letterhead for 
Molded Glastic Package No. “MG-2”. 


“MTS” Extruded Shapes 


Engineered for transformer air duct spacer 
sticks and other structural electrical ap- 
plications. Desired shapes no longer need 
to be machined from sheets. Continuous 
filament running lengthwise of shape gives 
great physical strength. Glastic "Grade 
MTS” possesses uniform dielectric strength 
on all sides. Chemical resistance is outstand- 
ing. Service temperature 300° to 350° F 
Wide range of shapes and sizes. 
Write for "MTS-3" data. 


"Class B Insulation at Class A Prices” 
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SILVER GRAPHALLOY 


RUSHES 


Silver GRAPHALLOY Brushes have been widely used because 
of LOW and CONSTANT CONTACT DROP, EXTREMELY LOW BRUSH HOLDER and CAP 
ELECTRICAL NOISE and LONG LIFE...especially for rotating TAPERED INSULATING BUSHING BRASS "P 
strain gages, thermocouple circuits, synchros, guided mis- E X E 
siles, fire control equipment, transducers, radar and sonar 
equipment, servo-mechanisms, selsyns, dynamotors and other 
avionic applications. \ j 

The GRAPHALLOY process was patented over 40 years ago „а 
and the name GRAPHALLOY has been our registered trade- INSULATED E: 
mark since that time. While this company has been selling САР 
GRAPHALLOY for over 40 years, recent developments have 
added materially to its properties. Over 200 grades are now 
used in a wide variety of applications. Silver GRAPHALLOY 
Brushes on ! "-diameter coin silver slip rings have been used 
successfully in highly critical electrical circuits at speeds up 
to 100,000 R.P.M. Our Engineering Department will assist 
in determining the exact grade of GRAPHALLOY for your 
needs. Ask for our Brush Inquiry Form 109. 


BRUSH HOLDER 


Brush Holder 

Suggested Minimum 

Ring Width 

Hole Diameter 

Distance of Brush 

Holder to Slip Ring 
Broached Hole 


**Mounting 


Brush Size 


AF BC GD 


!á sq. Vis min. .437 Yis .406 416 


BRUSH and SPRING ASSEMBLY has. Yie ha (ль тім. 437. 3 4% 2%. .416 


Yis sq. 4 Vm . 48 Y, 438 2%, „450 
Silver GRAPHALLOY Brushes are available for the standard Brush As. Yo Yn in. 615 Y, .563 151, .573 
Holders described in the next column. Springs are supplied, as part of Other sizes available. 
the assembly, to give the correct brush pressure for each brush appli- *Shunts are provided. **Mounting hole diameter for brush holder dimension D. 
cation. Shunts are provided to insure extremely low electrical noise 
level and for carrying heavy currents 000000000000000000000000000000 | 000000000 


И 


ہو ما 


x 
Ў 


COIN SILVER SLIP RINGS 


Standard Coin Silver Slip Rings, both cylindrical and flat types, are 
illustrated below. We recommend the cylindrical type ring with three 
brushes per ring...spaced at 120°. The cylindrical type are designed 
for press fitting over standard steel shafting. The flat type rings are 
designed for nesting either on an insulated plate or for molding into 
insulation. Insulated slip rings of either type or slip ring assemblies 
can be furnished with leads attached 


e LÁ SN 
DIAGRAM of 


ШИШ BRUSH and 
SLIP RING 
ASSEMBLY 


Stondord "Flo!" rings hove 
t t { ” 
contac suvrioce ола Е rod 


between oadjocent rings 


000000000 | 010000000000000000000000000000 
10 Thickness Раг! №. 


116.4 • 
116-6** 
116-8** 
116-10°* 
110-12* • 
116-14* • 
116-16* • 
116-18* • 
1165-19 
115-23 
1145-27 
1165-35 
1165-43 
1165-52 
1165-60 
1165-68 
1165-76 
1165-84 
1165-92 
1165-102 
1165-118 
1165-134 
+ 


CONNECTORS 


(garter springs) 


V 
YA 
2, 
3 


LX 
m 
PIF 


= These silver plated coil spring 


Garter Spring Brush Brush Connectors make for positive 

бышы Фа Шла. electrical connection to the 

E brass body of the brush holder 

7 — m А by snapping into the groove 

u^ v^ k — on the holder. The connecting 

127-10 3, sq. 11570 lead can be pre-soldered to 
127.14 1/0 за. 11527 the Connector. 


سی س 
>“ 


sare 
aw ساماد ناس‎ 
232332553325 


e^» 
323232332 


CALL ON OUR OVER 40 YEARS OF DESIGN EXPERIENCE 
FOR HELP IN SOLVING YOUR BRUSH PROBLEMS! 


ا س فرفر ن د دمم ج ر هه 
һә һы‏ ‘ & < 
f НЫН‏ 

о 
S3502222 E hr 
ا وا‎ ue qat 
SG O O OG Og ece 


333 


**Aveileble else in coin silver 025” thick inlaid 
over bross. For inlaid omit $° from port number. 
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...and SILVER GRAPHALLOY 


brush assemblies 


Model 399 GRAPHALLOY BRUSH 


and SLIP RING ASSEMBLY 
$- 


Bolt Slot 

Centers Overall 
Part Rings Width Length Length** 
“399-4 а % eA 1/4 
399-6 6 3 75% 14 
399.10 10 31/, ША 15/, 
399-14 14 3%, 1054 y 
**To outer end of coupling. 


Applications: from strain gage or thermo 
couple up to 10 amperes, 125 volts, 250^I 

Speeds to 5,000 RPM 

Three Silver-GRAPHALLOY Brushes per solid 
coin silver slip ring. 

Extraneous noise level extremely low 

Rugged in design and construction 

Readily connected mechanically and 
electrically. 

Complete coupling provided for 1546” shaft 

More rings and higher speeds available upon 
application. 


AN 


COIN SILVER SLIP RINGS 


3 LOCKING 
SCREWS 


STANDARD SOLID COIN SILVER 
CYLINDRICAL 
SLIP RING ASSEMBLY 


Part 


319-4 
319-6 
319-10 10 
319-14 4 


Slip ring O.D. 15$". Terminal O.D. 4” 
Range: Same as for Model 399 


STANDARD SOLID COIN SILVER 
FLAT 
SLIP RING ASSEMBLY 


Overall 
0.D.—"A" 


409-2 1 5'A 
409-4 4 7 

409-6 6 8'4 
409-10 10 11! 


Port Rings 


To 10 amperes, 125 volts 
More rings available upon application 


GRAPHALLOY CONTACTS 


GRAPHALLOY, because of its inherent non- 
welding and arc-quenching characteristics, is 
used widely for contacts...especially where 
positive breaking of a circuit is required. 


GRAPHALLOY BUSHINGS 


With military requirements demanding opera- 
tion from —100° to +250°F., GRAPHALLOY 
Bushings, which are inherently oilless, have 
been used successfully in potentiometers, 
synchros, cameras, instruments and missiles. 
Properly designed GRAPHALLOY Bushings will 
take considerable shock (50 g.). They have 
replaced oil-lubricated bushings for the fol- 
lowing reasons: 


1) Lower friction at room temperatures. 

2) No oil to solidify at low temperatures. 

3) No oil to carbonize at prolonged 
elevated temperatures 


Ask for Data Sheets 270 and 277 on Minia- 
ture  Bronze-GRaPHALLOY Bushings. 


GRAPHITE METALLIZING CORPORATION 


Product Engineering -— Mid-October, 1956 


| 


for your “TOUGH” 
-electrical 


requirements 


GRAPHALLOY 
BRUSHES 


are used on 
such equipment as... 


SERVO SYSTEMS 
SYNCHROS 

SELSYNS 

CHOPPERS 

RADAR 

GYROS 

INVERTERS 

PULSE SYSTEMS 
GUIDED MISSILES 
DIGITAL COMPUTERS 
WAVE GUIDES 
SONAR 
TRANSDUCERS 
TORQUE INDICATORS 


COMMUTATOR 
CHOPPER 


BRUSH 
ASSEMBLY 


3 


SPRING BINDING POST 


“We Specialize in 
Special Designs” 
OUR ENGINEERING DEPARTMENT WILL 


DEVELOP OR ASSIST YOU IN DEVELOPING 
SPECIAL COMPONENTS AND ASSEMBLIES 


1011 NEPPERHAN AVE. 
YONKERS, N. Y. 
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SLIP RING ASSEMBLIES e 
BRUSH ASSEMBLIES e BRUSHES 
CONTACTS ... one or abl 


e designed for your application 
e built to your specification 


EK, 
-—t*5 88 


а Assemblies Have Brushes and Contacts Made by $ ; 


Seen above are several jobs which have 
solved problems for the manufacturers of 
end products. Sometimes we build a slip 
ring assembly which follows the customer's 
design, or we wil! design and build an assem- 
bly which suits your equipment. Practically 
any size or design can be met. Let us quote 
you on a complete Superior package unit 
including rings, brush holders, brushes and 
contacts of our own manufacture. 

SUPERIOR CARBON PRODUCTS, INC. 


9115 GEORGE AVENUE . CLEVELAND 5, OHIO 


Catalogs and Bulletins continued 


(U-38) ONE-WAY IMPULSE SWITCH 

Folder, 4 pp, describes high capacity 
basic switch in die-cast case having 
integral linear actuator. Electro-Snap 
Switch & Mfg. Co., 4222 W. Lake St., 
Chicago 24, Ill 


(U-39) DEPOSITED CARBON RESIS- 
гокѕ—Вшіесіп 100, 2 рр, ріхеѕ геѕіѕс- 
ance values, specification data on both 
axial lead and radial lead resistors. Elec- 
troseal Products, Inc., 22 E 40 St., New 


York 16. N = 


(U-40) INDICATOR LIGHTS—Brochure 
L-200, 4 pp, describes oiltightness, 
dusttightness, omnidirectional light 
spread. Diallight Corp. 60 Stewart 
Ave., Brooklyn 37, N. Y 


(U-41) SELENIUM RECTIFIERS—Bul- 
letin, 4 pp, describes line of high tem- 
perature rectifiers. Sarkes Tarzian, Inc., 
115 N. College Ave., Bloomington, Ind 


(U-42) MAGNETIC MATERIALS—Bul- 
letin GC-106A, 11 pp, describes vari- 
ous types of magnetic alloys used for 
permanent magnets, tape-wound cores, 
powder cores, cut cores. Arnold Engi 
neering Co., Marengo, Ill 


(U-43) RELAYS— Booklet, 11 pp, de 
scribes line of telephone-type, a-c and 
d-c relays. Automatic Electric Sales 
Corp., 1033 W. Van Buren St., Chi- 
cago 7, Ill 


U-44) INTERVAL TIMER—Bulletin, 
' pp, describes electrical timer able to 
control sixteen different circuits. Lor- 
eng Products Corp., 9555 Soreng Ave., 


Schiller Park, Ill 


(U-45) ROTARY STEPPING SWITCHES 

Booklet, 8 pp, describes line of 
switches for self-interrupted er im- 
pulse-interrupted operation. Automatic 
Electric Sales Corp, 1033 W. Van 
Buren St, Chicago 7, Ill 


(U-46) ELECTRICAL CONNECTORS— 
Catalog A4, 80 pp, describes line of 
connectors for power, signal and con- 
trol circuits. American Phenolic Corp., 
1830 S. 54 Ave., Chicago 50, Ill 


(U-47) ELECTRONIC COMPONENTS 
Catalog D-55, 12 pp, includes stand- 
off and feed-thru insulators, sockets 
and spaghetti. Also shown are various 
types of capacitors and resistors. Erie 
Resistor Corp., Dept. S, Erie, Pa. 
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the nome te 


LAMINATED 


INSULATION 
MATERIALS 


е 
PY 


Complete technical data on 
Glasterra, or Chasbestos (a 
combination of asbestos 
sheet and polyester film) 
will be sent you upon re- 
quest. Specifications and 
samples of all Chase prod 
ucts are available . . . and 
Chase engineers will gladly 
help you solve your electrical 
insulation problems. Chase 
& Sons, Inc., Randolph, 
Massachusetts. -r 


Product Engineering — Mid-October, 1956 


» 


4 Typical of the many Chase products designed for the elec- 


trical industry is this generator application where rag paper 
or kraft paper is combined with DuPont Mylar ® to suit 
your particular insulation requirements. Chase Slot Insu- 


lation comes in sheets, rolls or cuffed. 


4 Another application 
where Chase laminated in- 
sulation material is used is 
shown above where double 
thickness slot insulation is 
being used in a 15 HP A.C. 
induction motor. All Chase 
products are manufactured 
to meet the highest specifica- 
tions ...of the best materials 
available. 


Æ Diversification of Chase 
product line is further indi- 
cated by this illustration 
showing a development engi- 
neer at Kennecott Wire & 
Cable Co. examining magnet 
wire insulated with Chase 
Glasterra Tape. Glasterra is 
a combination of asbestos 
sheet, glass yarn or fabric 
and silicone varnish. 


CHASE 


ELECTRICAL INSULATING TAPES AND MATERIALS 





TIMERS, electronic 


provide split-second timing 
with no-filament tube 


Compact electronic timers use Type 
5823 cold-cathode tube, providing long 
tube-life with instant timing, no warm 
up needed; immediate recycling—no re- 
harging time for condenser required 
ideal for Short Intervals—0.03 to 24 
seconds 
Easy time adjustments—small time in 
tervals сап be spread ver 320-degree 
dial 
Six-time ranges—can be furnished with 
full-scale range of 0.2, 0.5, 1.5, 3, 6, 12, 
or 24 seconds 
Eight-ampere contacts. 
Small size—374" У 436° У A 

The new Model 3 Repeat le Timer 
is fully enclosed; has plug-in relays for 
servici 


Synchronous Contactor 


Positive, pre 
cise coordin: de oí 
electrical — circuits 
with mechanical 
systems. Rotating 
camshaft actuates 
listributor type 
switches to open 
electric 
| 48 m ircuits to control 
punch presses, machine tools, and com- 
juters; provides protection of looms, 
unch and die tools. Single- and double 
ircuit models available. Descriptive bul 
letin on request 


RELAY, electronic 


Operated by 

high-speed as 
low-energy 

impulses. 


11 d close 


} 


Type CK Ele 
mic Relay picks 
impulses too 
small to oper ate 
n echanical re 
lirectly 

olds circuit « 


( g enough for 

nical equipment to be actuated 

Fast "pne relay operates on 

act of less than 0.5 millisecond 

Sensitivity above response‏ فون 
thru contact resistance as |‏ 

500000 oht 

Adjustable actuating time—relay oper 

ites in 10 milliseconds after impulse an 

stays “on” for time adjustable 

0.25 and 1.5 seconds 

Long life—Cold-cathode tube е: 


when pulse is received 


between 


weit maintenance Enclo 


Small size —374 


" мы? 


х 4%" х: 


FARMER ELECTRIC 


2300 WASHINGTON ST. NEWTON LOWER FALLS, MASS 


Catalogs and Bulletins continued 


(U-48) RELAYs—Data book, 38 pP. 
describes a-c and d-c relays, switches 
and lever, turn and push keys. C. P. 
Clare & Co., 3101 W. Pratt Blvd., Chi- 
cago 45, Ill 


(U-49) ELECTRICAL - ELECTRONIC 
COMPONENTS — Catalog Bá, 63 pp, 
describes connectors, other 
components. American Phenolic Corp., 
1830 S. 54 Ave., Chicago 50, Ill 


cables, 


(0-50) Limit SwircH—Folder, 4 pp, 
describes hermetically sealed switch 
available with contact arrangements up 
to double-pole double-throw. Electro- 
Snap Switch and Mfg. Co., 4222 W 
Lake St., Chicago 24, Ill 


(U-51) RELAYS — Bulletin CH1, 4 
pp, gives specifications and contains 
mounting information, type of enclo- 
sures available and basic size informa- 
tion. Aemco, Inc., Mankato, Minn. 


(0-52) LIMIT SWITCHES — Bulletin 
GEA-6131A, 8 pp, contains applica- 
tion information, ratings, dimensions, 
and prices. General Electric Co., Sche- 


nectady 5, N. Y. 


(U-53) TIME DELAY RELAY—Bulle- 
tin SD-1, 4 pp, contains selection chart 
to help pick correct model for a par- 
ticular time delay or combination of 
time delays in an electrical circuit. Aga 
Div., Elastic Stop Nut Corp., of Amer- 
ica, Elizabeth, N. J 


(U-54) AMPLIFIER—Brochure, 4 pp, 
describes four servo amplifiers, having 
instantaneous response, built-in pre- 
amplifier, built-in power supply, com- 
pact assembly, standard tubes and 
stability. Servo Corp. of America, 20-20 
Jericho Turnpike, New Hyde Park, 
N. Y 


(U-55) RzsisTORS— Bulletin B-4a, 4 
pp, contains data on tests, applications, 
specifications, tolerance, ranges, per- 
formance, dimensions of deposited car- 
bon resistors. International Resistance 
Co., 401 N. Broad St., Philadelphia 8, 
Pa 


(U-56) HERMETICALLY SEALED 
CONNECTORS—Bulletin GS-5, 16 рр, 
includes standard AN types, K-general 
electronic series, miniature, subminia- 
ture, and rack-and-panel designs. Can- 
non Electric Co., 420 W., Ave. 33, Los 
Angeles, Calif. 


CARTRIDGE 


FOR YOUR | 
APPLICATIO 


The extensive line of 
PRECISION CAR- 

TRIDGE HEATING 

UNITS permits selec- 

tion of a standard 

unit "custom de- 

signed" for your ap- 

plication. Even in the 

event of unique, spe- 

cial applications, the 

versatility of the 

HOTWATT design facilitates max- 
imum compatibility without the 
need for costly "special" designs. 
HOTWATTG&PRECISION CAR- 
TRIDGE HEATING UNITS provide 
faster heating, higher heat den- 
sity, and minimum heat loss in the 
core. Special design places the 
heating element in close proxim- 
ity with the outer surface. 


Standard units are available with 
stainless-steel sheaths of precision 
dimensions for maximum heat trans- 
fer. Sheaths of other alloys are also 
available. In addition, HOTWATT 
manufactures a complete line of low? 
cost ceramic-body units. Other fea- 
tures include: Surface temperature 
up to 1250°F ... durable construc- 
tion . . . wide variety of lead ar- 
rangements nickel alloy leads 
swaged to rigid external terminals 
facilitate repair . . . units moisture 
resistant . . . complete range of sizes 
from 1" x V4"... and wide selec- 
tion of voltage and power character- 
istics. 


Complete technical information avail- 
able upon request. 


HOTWATT, INC. 


ELECTRIC HEATING SPECIALISTS 


16 Gould St., Danvers, Mass. 
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INDUSTRIAL 
DIVISION | 


LEACH & GARNER CO. 8 > f 


Ai industrial mill forms of precious di 
non ferrous contact materials — solid 
laminated — custom made to exact sped 
fications. All standard and many 
cial alloys of gold, silver, platinum angl 
palladium. 


3 Standard laminated forms includ 
i C. Precision fabrications and as- toplay, overlay, inlay, thrulay and 
~ @ semblies of precious metals in- edgelay. Solid Coin Silver Wavesl 
TW _ clude slip rings, micro brushes, guide Tubing. Custom его 
contact rivets, buttons, spring ing and redrawing. 
contacts and bar contacts. 


Complete engineering and tooling 
facilities for custom manufacturing 
from sample quantities to large pro- 

L duction runs. Prompt quotations and 
recommendations in answer to inquiries. 


INDUSTRIAL DIVISION 


GENERAL FINDINGS | 


SUPPLY COMPANY 


ue 


3 


221 ED 


t a 


Electronic and Electrical Components 


Send for brochure EM-1. 


We build our business on prompt deliveries at competitive prices. 
SALES OFFICES . . . NEW YORK * ATTLEBORO, MASS. * CHICAGO * LOS ANGELES 


Product Engineering — Mid-October, 1956 





CONTROLS 


SIMPLYTROL AUTOMATIC TEMPERATURE 
CONTROL, THERMOCOUPLE-ACTUATED 


Compact 
Reliable 
Simple 

Ranges from 
—400'F. to 
+3000° F. 
Indicating 
accuracy 2%. 
Control accuracy 


often better 
than 496. 


Cat. 4535 0-1000F. 1C 
Approx. lOx 6x7" $135 


On-off control or automatic shut-down for fur- 
naces, ovens, kilns, etc. 


Few moving parts—no vacuum tubes. Regular 
load relay is SPDT 5 amps. Optional heavy duty 
relays to 40 amps. Indicating meter-relay is 
medium high resistance and has bimetal cold 
junction compensation. For use with all standard 
thermocouples. 

No leveling required — just connect thermocouple, 
connect load (two or three wire), and plug in to 
115 с- 230 volt AC line, 

.VERSATROL AUTOMATIC CONTROL» 
For any variable than can be meosured elec 
trically. Adjustable control points. Automatic 
operation. 


Cat. 3581 
Versatrol High Limit 
Automatic with 
451-C Meter-Relay 
(0-20 Ua DC) 


Approx, 10x6x7 
Price $154.25 


API PANEL METERS AND IND:CATING 
PYROMETERS 


Model 261 
O-IMa DC $11.50 


Model 451 
0-20 Ua DC $27.50 


D'Arsonval movements, Alnico magnets, tubing 
or knife-edge pointers. AC meters are rectifier 
type. Normal DC accuracy, 2%, AC 3%. Higher 
accuracies available. Zero right, zero center 
meters or up to two-thirds of range suppressed 
available. AC and DC meters in multiple ranges. 
Special dials in colors, black face, your name, etc 


Medium resistance py- 
rometers (4 ohms per 
millivolt). Automatic, bi- 
metal cold junction cor- 
rection. Compensated 
for copper error. Accu- 
racy 2%. Available 
with 1% accuracy or 
thermistor compen- 
Model 461 
0-2500°F. $31.20 
STYLES: PYROMETERS & API PANEL METERS 
Ruggedized-Sealed 


sated for wide ambient 
variations. 


22, 3V2, 4V2 inch round metal case, sealed zero 
adjust, shock-mounted movement. 
Black Bakelite 
2%", round or square, 3%” round or square, 
42” rectangular. (Other colors in 4 2 " size only). 
Clear Plastic 
242", 3%” and 4'A" rectangular. 

Send for 40-pg. Catalog 4A for complete line 


Assembly Products, Inc., Chesterland 57, Ohio 
Phone: (Cleveland, O.) HAmilton 3-4436 (West 
Coast: Desert Hot Springs 57, Calif. Phone: 4-3133) 
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Catalogs and Bulletins continued 


(U-57) PRINTED WIRING BOARDS- 
Brochure, 6 pp, has layout and design 
information, specifications on base and 
conductor materials, use characteristics 
General Electric Co., W. Genesee St., 
Auburn, N. Y. 


(U-58) CRYSTAL DIODES—Bulletin E 
217, 8 pp, includes germanium and 
silicon diodes, glass-encased and plastic- 
encased. CBS-Hystron, Danvers, Mass 


(U-59) BORON CARBON RESISTORS 
— Bulletin B-6a, 4 pp, gives types, con- 
struction, applications, performance, 
temperature coefficient, tolerance, in- 
sulation, termination. International Re 
sistance Co., 401 N. Broad St., Phila- 
delphia 8, Pa 


(U-60) HIGH VOLTAGE RESISTORS 
Bulletin G-1a, 8 pp, has specifications, 
installation, tolerance, voltage coefh- 
cient, temperature coefficient, ratings, 
insulation, terminations. International 
Resistance Co., 401 N. Broad St., Phila- 
delphia 8, Pa. 


(U-61) WiRE-WOUND RESISTORS— 
Catalog R2, 8 pp, contains an alloy 
characteristics chart listing symbols, 
alloys, trade names, nominal temperá- 
ture coefficients, thermal emf on cop- 
per, and a guide to proper selection 
Precision, Inc., 730 Lyndale Ave., N., 
Minneapolis, Minn. 


(U-62) MICRO-MINIATURE RELAY— 
Bulletin GFA-6346, 4 pp, describes the 
relay and lists specifications for both 
the standard and the current sensitive 
models. General Electric Co., Waynes- 
boro, Va. 


(U-63) RELAYS—Data sheets (3) in- 
clude resistance, capacity, dimensions, 
speed. Hedin Tele-Technical Corp., 87 
Dorsa Avenue, Livingston, N. J. 


(U-64) RESISTORS—Catalog, 20 pp, 
provides dimensional details, wattage 
ratings, maximum resistance and mili- 
tary equivalents. Cinema Engineering 
Co., 1100 Chestnut, Burbank, Calif. 


(U-65) ELECTRICAL HEATING ELE- 
MENTS — Loose-leaf folder contains 
publications describing sheathed con- 
ductors and thermocouples and con- 
ductors for high-temperatures and 
sheathed heaters for liquid and gas 
containers. Ferrod Mfg. Co., Batavia, 


Ill. 


METER-RELA YS 


D'Arsonval indicating meters with built-in locking 
contacts for sensitive control or alarm. 


Model 255-C 
High limit, 
Ruggedized-Sealed 
0-100 Ua DC 
$46.00 
Narrow bezel per- 
mits longer scale 
length, takes less 

panel space. 


Operation: 

Trip point adjustable to any point of scale arc. 
Sensitive to changes of less than 1%. One contact 
carried on moving pointer. The other on an ad- 
justable pointer. When two pointers meet, con- 
tacts close and lock. Holding coil is wound directly 
over moving coil, locking action is electro-mag- 
netic. Manual or automatic reset. Spring action 
in contacts kicks them apart. 


Styles: 
RUGGPDIZED - SEALED 
metal cases are 2'/2, 
32, and 4⁄2” round, 
shock-mounted move- 
ment, gasket-sealed. 
BLACK BAKELITE . . 
glass front, 4⁄2” rec- 
tongular case. Other 
colors on special order. 
CLEAR PLASTIC CASES 
2'4, 394, & AA" rect. 


Model 461-C Bokelite 
Double Contact 
10-0-10 Ua DC 

$75.75 

Ranges: 
0-5 Microamps to 0-50 Amps. 0-5 Millivolts to 
0-500 volts, AC or DC. (Minimum AC voltage 
range 0-250 Mv.) Thermocouple temperature 
ranges cover from*-400 to 3000' F. Minimum 
full scale movement from one thermocouple is 
300°F. Thermistors and thermopiles are used for 
more sensitive ranges. 


Environ mental: 
Typical ruggedized- 
sealed meter-relays 
will meet these specs: 
Shock: 1 and 3-foot 
drops, 400 Ib. hammer, 
3 planes. 
Vibration: MIL-M- 
10304A. 

Salt Spray: QQ-M-151A. 
Temp.: -30°/+70° C. 
Sealing: MIL-M-6A. 


Model 451-C 
Double Contact -100 
to 4-400 F. — $64.00 


Accuracy: 

Point of contact: 14% to 1%. 

indicating: +2% of full scale at any point of 
dial, Can be 195 on request. Thermistor compen- 
sation can be supplied for ambient variation of 


0 to 140 F. 


Contacts: 
Rating: Standard is 5-25 milliamperes at 75-125 
volts DC. Con beto 100 milliamps at 6-125 Volts DC, 
Arrangement: High Limit (makes on increase of 
signal), Low Limit (makes on decrease of signal), 
Double (both high and low contacts) 
Life: 10 to 20 million operations. 
VHS RELAY 
Model 266 
Sample specs. are 
0.2 microamperes, 
(12,000 ohms coil) 


or, 0.1 millivolts (5 
ohms.) 


The VHS is a D'Arsonval moving 
coil relay, internally shock- 
mounted, The screw-on cover is 
gasket-sealed. Connections: 9 
pin octal style. Dimensions: 1% 
diameter x 2% long. Weight: 4 ounces. Sensi- 
tivity: Infinite variations from 0.2 Ua to 10 Amp. 
or 0.1 Mv to 500 volts, self contained. Higher volts 
or amps with external multipliers or shunts. 
Send for 40-pg. Catalog 4A for complete line. 
Assembly Products, Inc., Chesterland 57, Ohio. 


Phone: (Cleveland, O.) HAmilton 3-4436 (West 
Coast: Desert Hot Springs 57, Calif. Phone: 4-3133) 
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include: A 


coil form kit; D 


mponents shown 


sulated terminals; ( КЕ 


capacitor 


hoke 


B. standard and in ind coils coil ki ; 


kit; E. coil forms J. standard and cust« 


F « 


mm terminal 


hokes; H 


liode clips; I 


panel hardware 


ards; K. shielded coil form 


One big family with a single thought 


Whether you need terminals, clips, 
coils, chokes, capacitors or any of a 
number of electronic components 
you can be sure they're right if they're 
made by CTC. 

One continuing basic idea governs 
the manufacture of every CTC prod- 
uct. And that idea is: 
We could not guarantee our products 
as we do without a constant check of 
numerous details that determine reli- 
able performance. Our quality control 
engineers see to it that these manufac- 
turing standards are consistently main- 
tained right through to periodic mi- 
croscopic inspection, 

Pictured here are a number of com- 
ponents available at CTC including our 
three kits. These items come in stand- 
ard forms and are also custom engi- 
neered to meet your particular require- 


quality contre 


Product Engineering — Mid-October, 


ments. We would be glad to give you 
complete details, including specifica- 
tions and prices, on any or all CTC 
units as well as information on how 
CTC components can be specially de- 
to your individual 
tronic components problems 
You will find it well worthwhile to 


signed solve elec- 


use components that are guaranteed. 
Write to Cambridge Thermionic Cor- 
poration, 473 Concord Avenue, Cam- 
bridge 38, Mass. West Coast manufac- 
turers contact: E. V. Roberts 
West Washington Blvd., Los Angeles 
16 and 988 Market Street, San Fran- 
cisco, California. 
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CAMBRIDGE THERMIONIC CORPORATION 


makers of guaranteed electronic components, 


custom or standard 





апа /WDUST. R/AL 
р 
CONTROLS 


B/W equipment covers all phases 
of liquid level control. It is ver- 
satile and may be used to control 
any liquid that conducts electricity. 
It is simple and positive in action, 
without vacuum tubes, floats, or 
moving parts in the liquid. 


Complete Engineering 
Service 


Our staff of competent and ex- 
perienced engineers will welcome 
the opportunity to discuss all 
phases of liquid level control with 
you, such as interlocking controls, 
programming controls, multiple 
signalling. 


Type LH Chassis 
For Pump Down Control 
1 Pole N. O. Contacts 


Safety Features 


B/W Controls bring you safety fea- 
tures, such as shutting off pumps 
when pre-determined low liquid 
levels are reached — protecting 
pumps from running dry and burn- 
ing bearings. High level protection 
is also assured, assuring shutoff 
at the proper time. 
Versatile Operation 


B/W Controls are not affected by 

pressures, temperatures, acids or 

caustics. Remote control, if desired 

$-700 Pull Type Ice free electrodes where neces- 
Solenoid sary. 


INDUCTION RELAYS e RELAY SWITCHES 
SIGNALS & ALARMS e MULTIPLE PUMP CONTROLS 
CONTROL PANELS e A. C. SOLENOIDS 
MAGNETIC CONTRACTORS AND STARTERS 


MAIL COUPON FOR FULL INFORMATION 


B/W CONTROLLER CORPORATION 
2200-2 E. Maple Road, Birmingham, Mich. 


Please mail catalog at once te 
Firm 

Address 

City 


Attention Mr. 


Wires Marked! 


PERMANENT 
IDENTIFICATION! 


METAL 
IDENTIFICATION TAGS 
OF EVERY DESCRIPTION 


for marking cables, 
leads, and group- 
ing wires! 


Terminal tags are rapidly replacing obsolete string and paper 
identification methods, they mark the end of identification 


problems! Made of aluminum, steel, brass, or zinc, in a 


variety of styles and sizes, terminal tags are easy to apply, 
and are used in the manufacture of aircraft, radios, tele- 
phones, motors, generators, etc. They can be stamped or 
embossed to customer specification. Some Terminal Tag styles 
are also available in various colors. 


FREE SAMPLES AND LITERATURE UPON REQUEST 


NATIONAL BAND & TAG CO. 
Dept. P.E., Newport, Ky. 


Phone CO 1-2035 


terminal 
attaching! 


AUTO- SOLDERING MACHINE 


This low-cost, high-speed electric terminal 
attaching machine automatically crimps, 
solders, and cuts-off electric terminals at a 
rate of 10 to 15 thousand per day! Features 
are: continuous feeding of P-M terminal strip 
containing solder from disposable reels... 
precision feeding through in-line, single-unit 
feeding mechanism . . . electric solenoid trip 
on air feed . . . foot treadle activation . . . ther- 
mostatically controlled heating element . . . 
rapid tool interchange. Write today for com- 
plete information. 


PATTON-MacGUYER COMPANY 
21 Virginia Ave., Providence 5, R. |. 
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CHROMALOX 


Wh a t 5 you S / DIRECT FACTORY REPRESENTATIVES 


ATLANTA 9, GEORGIA 
C. B. Rogers and Associates 


е م‎ 1000 Peachtree St. N. E 
ea ing nee E. Trinity 5-8196—5-8197 —6-1733 
BALA-CYNWYD, PENNSYLVANIA 
J. V. Calhoun Co., 349 Montgomery Ave. 
Greenwood 3-4477-78-79-80 (Philadelphia Exchange) 
BALTIMORE 18, MARYLAND 
Paul V. Renoff Co 
333 E. 25th St. — Hopkins 7-3280 —7-3281 
BLOOMFIELD, NEW JERSEY 
R. L. Faber & Associates, Inc 
1246 Broad St. —Edison 8-6900 
New York City: Worth 4-2990 
| BOSTON 11, MASSACHUSETTS 
Leo C. Pelkus and Co., Inc 
683 Atlantic Ave.—LIberty 2-1941 


BUFFALO 2, NEW YORK 
Niagara Electric Sales Co 
505 Delaware Ave.—Summer 4000 
CHARLOTTE 2, NORTH CAROLINA 
Ranson, Wallace & Co., 116% East Fourth St 
Edison 4-4244— Franklin 5-1044 
CHICAGO 5, ILLINOIS 
Fred I. Tourtelot Co., 407 S. Dearborn St 
Harrison 7-5507, 7-5508, 7-5509 
CINCINNATI 8, OHIO 
The Smysor Company 
1046 Deita Avenue— Trinity 1-0605 
CLEVELAND 13, OHIO 
Anderson-Bolds, Inc 
2012 W. 25th St.—Prospect 1-7112 
DALLAS 26, TEXAS 
L. R. Ward Company 
3009-11 Canton St.—Riverside 6279 
DAVENPORT, IOWA 
Voico Company, 215 Kah! Bldg. —Phone: 3-2144 
Radiant Heaters ; DENVER 2, COLORADO 
== Richards & Associates, Inc 
ond Poneh : 2415 15th St.—Glendale 5-3651 — 5-3652 
DES MOINES 14, IOWA 
Midwest Equipment Co. of lowa 
Circulation 842 Fifth Ave.—Des Moines 3-1203 
Heaters DETROIT 38, MICHIGAN 
Carman Adams, Inc 
15760 James Couzens Highway —University 3-9100 
HOUSTON 3, TEXAS 
L. R. Ward ботрапу 
1814 Техаз Ауе.—САр!!о! 5-0356 
INDIANAPOLIS 4, INDIANA 
Couchman-Conant, Inc 
627-631 Architects & Builders Bldg. —Melrose 5-5313 
KANSAS CITY 6, MISSOURI 
Fraser D. Moore Co 
106 E. 14th St.— Victor 2-3306 
LOS ANGELES 11, CALIFORNIA 
Montgomery Brothers 
' 2113 So. San Pedro St. —Richmond 7 
There's a Chromalox heater MIDDLETOWN, CONNECTICUT 
Dittman and Greer, Inc 
. . 33 Pleasant St.—Diamond 6-9606 
for every heating job MILWAUKEE 3, WISCONSIN 
Gordon Hatch Co 
531 W. Wisconsin Ave.—Broadway 1-302] 
Only Chromalox offers you packaged electric heaters and elements in Eco MINNESOTA 
more than 15,000 types, sizes and ratings . . . and for immediate delivery. 831 South Sixth St.—Federal 6-3373 
The world's largest factory stock of industrial electric heaters, plus local OES TS 
stocks at strategic points. In addition, we can make limitless custom жол. с. 016 
modifications of the four basic types of heaters: strip, ring, tubular See Bloomfield. Kew Jersey 
and cartridge. OMAHA 2, NEBRASKA 
. . , e ° . : Midwest Equipment Co. of Omaha 
Our thirty-eight years’ experience in the manufacture and application 1614 Izard St.—Atlantic 7600-7601 
of electric heaters has covered thousands of heating problems to tem- НА ООО ар е 
peratures of 1100°F. This technical know-how and practical experience PITTSBURGH 6, PENNSYLVANIA 
1 à ry y 1 P ati » > AFG í rave avails M , Woessner-Mc Knight Co., 1310 Highland Bldg 
in solving thousands of heating problems are al ays available to you 115 S Wizhiand Ave. Emerson 1.2900 
without obligation. Just let us know your heating problem, and we'll PORTLAND 9, OREGON 
zo all hel н find the right : vp slectrically Montgomery Brothers 
go all out to help you find the right answer .. . electrically. 1632 N. W. Johnson St.— Capitol 3-4197 
RICHMOND 26, VIRGINIA 
в » 0. M. Thompson : 
Write for your copy of Catalog 50 Westhampton Sta., P.O. Box 8762 
ROCHESTER 4, NEW YORK 
" ‘ ^ n А ‹ Niagara Electric Sales Co 
Contains helpful information on design, uses, and prices of ^ 133 Clinton Ave. South—Hamilton 2070 
Chromalox Electric heaters, elements, thermostats, con- |||4 _ |: eu ble 
tactors and switches. V7, 317 North 11th St.—Chestnut 1-2433 
SAN FRANCISCO 3, CALIFORNIA 
Montgomery Brothers 
- 1122 Howard St. —Underhill 1-3527 
CHROMALOX — Electric Heat for Modern Industry SEATTLE 4, WASHINGTON 
| Montgomery Brothers 
| 911 Western Ave.— Seneca 3270 
420 MAL) SYRACUSE 6, NEW YORK 
С + R. P. Smith Co., Inc 


- : 2507 James St. —Syracuse 73-2748 
Edwin L. Wiegand Company WICHITA 2, KANSAS 
Fraser D. Moore Co., Room 211 Derby Bldg 
7711 Thomas Boulevard, Pittsburgh 8, Pa. 352 No. Broadway— Amherst 2-564 


EXPORT DEPARTMENT — 1010 Schaf Building 
Philadelphia 2, Pennsylvania — Locust 4-4020 


Cartridge Elements 
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CONSULT 


2 


Your product benefits 
3 ways from the use 
of a DIALCO Pilot Light: 


Enhanced appearance: 
The glow of light and 
sparkle of a lens add 
colorful visual attraction. 
Greater safety: A timely 
warning flashed by a 
pilot light can prevent 
damage to equipment. 
Added service: Discs 
inserted behind lenses 
can be used to deliver 
specific messages, such 
as "FUEL LOW", 
"ON", "OFF", etc 


Let the Dialco engi- 
neering department as- 
sist you in selecting 
the right lamp and 
the most suitable pilot 
light for your needs. 


Dialco offers the com- 
plete line of pilot 
lights, from sub-mini- 
ature types to giant 
units with 144” lenses. 


Every assembly is avoil- 
able complete with lamp. 


SAMPLES ON RE- 
QUEST AT ONCE — 
NO CHARGE 


Illustrations are ap- 
prox. 70% actual size 

(A) No. 8-1930- 
111 sub-miniature 
pilot light ...(B) No 
521308-991, with mul- 
tivue cap (C) No 
922210-111, dimmer 
type...(D) No. 47901 
with light shield cap 


Write for Catalogues 
1-151, L-153, ond L-154 


DIALIGHT 


CORPO 


60 STEWART AVE. e 
HYACINTH 7-7600 


RATION 


BROOKLYN 37, N. Y. 


Catalogs and Bulletins continued 


(U-66) A-C POTENTIOMETER —Bro- 
Í pp, describes features, design 
Perkin- 


chure, 
principle and specifications 
Elmer Corp., Norwalk, Conn. 


(U-67) SERVO AMPLIFIER— Bulletin, 
8 pp, describes line of magnetic am- 
plifiers, 
curves, other specification data. Feed- 
back Controls, Inc., 1332 N. Henry St., 
Alexandria, Va 


providing circuit diagrams, 


(U-68) TAPE RESISTORS — Bulletin 
HEC-1, 4 pp, gives characteristics and 
discusses design considerations affect- 
ing printed circuitry and miniaturiza- 
Hansen Electronics Co, 7117 
Monica Blvd., Angeles 46, 


tion. 
Santa Los 


Calif. 


- Bulletin. XC- 
gives technical informa- 


(U-69) CAPACITORS 
201-4, 6 pp, 
tion on high temperature plastic film 
tubular 


240 W 


sealed, 
Gudeman Co., 
Chicago 10, Ill 


dielectric hermetically 
Capacitors 


Huron St., 


RELAYS—Cata- 
describes relays de- 


(U-70) ELECTRICA! 
log R-55, 12 pp. 
signed for precision aircraft electronic 
equipment conforming to highest 
standards of inspection with excellent 
military ratings in quality control. Iron 
Fireman Mfg. Co., 2838 S. E. Ninth 


Ave., Portland 2, Ore 


RELAY — Pub- 
pp. provides design and 


(U-71) ELECTRONK 
lication 585, 2 
application circuit de- 


dimensional 


information, 
scription and complete 
and pricing data. Automatic Switch 
Co., 391 Lakeside Ave., Orange, N. ] 
(U-72) CAPACITORS sheet, 


! pp, shows standard units which come 


( atalog 


in bathtub and rectangular can types in 
200. 400 and 600 «x ratings, from 0.05 
to 25 mfd. Corson Electric Mfg. Corp., 
540 39 St., Union City, N. J 

(U-73) SPEED-SENSITIVE SWITCHES 
GOVERNORS— Bulletin 5045, 8 pp, in 
cludes dimensional drawings of over- 
speed, underspeed, one, two and three- 
switch governors with explanations of 
and con- 


the various types of take-off 


Synchro-Start Products, Inc., 


Ridg 


nectors 
8151 N eway Ave., Skokie, Ill 

Bulletin 
describes circuit selectors 
Leland, Inc., 


Ohio 


74) ROTARY SWITCHES 
156, 11 pp, 
and stepping relays. G. H 
123 Webster St., Dayton 2, 


PRECISION 
SNAP-ACTING 
SWITCHES 


FREE 24-page 
CATALOG gives 
engineering data, 
photographs, detail 
drawings, and elec- 

trical ratings for 

entire line of 

Unimax high-sensi- 

tivity, sub-min- 
iature, general- 
purpose, low-cost, 
metal-cased, open- 

type, immersion- x 
proof, and AN/JAN "———— __ 
Switches. mf 
Write today for your FREE copy of this 
useful catalog. 


». SEALED SWITCH 
Unimax 2НВ56-1 


Protected against 

splashing water, 

oil, dust, condensa- 

tion, and corrosive 

gases. Silicone boot 

seals clearance be- 
tween case and operating pin. Cover 
sealed to base with thermosetting ad- 
hesive. Furnished with a wide variety 
of actuators. Electrical rating is 20 
amperes 125/250 volts a-c 


SUB-MINIATURE SWITCH 
Unimax USM 


Exceptionally com 

pact, fully enclosed 

single-pole double 

throw  snap-acting 

switch. Furnished with a variety of 
actuators. Easily ganged. Sturdy, flat 
terminals handle up to #18 wire. Elec 
trical rating 5 amperes 125/250 volts 
a-c; 4 amp. 30 volts d-c resistive, 
2% amp. 30 volts d-c inductive 


AU COST SWITCH 
4 Unimax WL 


Engineered for low 

cost and high per- 

formance; widely 
in mass-produced products. Han- 
dies 15 amperes 125/250 volts a-c 
Quick-connect terminals for snap-on 
wiring provide fast installation 


used 


Li 


METAL-CASE ns L 
Unimax K-Series Г“; 


2HB basic switch 

in die-cast alumi- 

num case, with 

neoprene-gasketed, 

interchangeable side plates; resistant to 
moisture, dust, and oil; various types 
of actuators available 


Write for FREE 24-page catalog of all 
Unimax switches. 


UNIMAX SWITCH 


04510 55 da Don 


CONNECTICUT 


3/7 ТЯ 


1VES ROAD, WALLINGFORD 
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. Specialists in the industrial timing field 
and producers of over 20 million clocks & timers . . . extends 
engineering assistance, cooperates extensively with design 
engineers in custom-developing and adapting diverse types of electric 


and mechanical timing devices to meet specialized needs. 


TYPICAL PRODUCTS DEVELOPED BY THE 
RENOWNED TIMING LABORATORIES OF LUX 


ма 


FULLY AUTOMATIC 
RANGE TIMER CONTROLS 


TIMERS FOR ELECTRIC 
DRYERS 


RECORDER CLOCK MINUTE MINDERS 


THE LUX CLOCK MANUFACTURING CO., Inc. 


99 Johnson Street 
WATERBURY 20, CONNECTICUT 
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Турїса! 
Applications 
of 
LUX Timers 


PARKING METERS 


WASHERS & 
YERS 


ВАТТЕВҮ 
CHARGERS 


MILK COOLERS 
COFFEE MAKERS 
DISH WASHERS 


' GAS RANGES 


SUN LAMPS 
ROTISSERIE 
COOKERS 


ELECTRIC 
HEATERS 


RECORDING 
INSTRUMENTS 


CONDITIONERS 


REFRIGERATION 
SYSTEMS 


ELECTRIC RANGES 
CLOTHES DRYERS 





SPECIAL SWITCHES 
DOTT 
314^ 


of Weymouth 


Gear-operated 
TYPE JR 


à ‘al ra a” 
When you need a SPECIAL switch . . . 


ESCO standard, uniform components can be assembled to meet vour 
requirements; or a deviation from one of our standard types will give you a 
special switch at a standard switch cost. Over 90% of our production is SPECIAL 
in one way or another : 


MeL ames uo. 


These standard switches can be modified to fit your application: 


€ TYPE A —up to 8 positions, 7 sections maximum, 
mechanism, rating 5 amperes — 125 volts a-c/30 volts d-c 

@ TYPE AF — up to 8 positions, 6 sections maximum, detent-action, 
rating with resistive load 5 amperes at 28 volts d-c or 115 volts 
400 cps, per MIL-S-6807. 
TYPE P — Multi-section, up to 4 positions, snap-action, rating 10 
amperes — 125 volts a-c, 5 amperes — 125 volts d-c, 30, 60, 100 
a У : 
200 amperes at 500 volts a-c, or 250 volts d-c. Can be assembled 
to meet Specification MIL-S-15291 
TYPE JR up to 8 positions, 30 sections maximum, detent-action, 
rating 10 amperes at 125 volts a-c, 5 amperes 125 volts d-c 
ТҮРЕ Ј0-Ј5 — ир to 8 positions, 5 sections maximum. detent- 
action or snap-action, rating 30 amperes at 230 volts a-c 
TYPE HT — up to 16 positions, 6 sections maximum, detent-action, 
rating 5 amperes at 125 volts a-c. 
Bureau of Ships No. 9000-S6202-74085 rating 10 amperes at 120 
volts a-c. BuShips 9000-S6202-74090, 9000-S6202-74096. and 
9000-S6202-74224, ratings 30, 60, and 200 amperes, 500 volts a-c 
— 250 volts d-c 


detent- 


Write for data sheets or catalog on ESCO rotary multipole switches — 


or send us your requirements and we'll give y *cific: :SC 
z you full specifications on the ESC 
switch that meets YOUR need. РЕ? 


(BS ESCO of WEYMOUTH 
Co ELECTRO SWITCH CORPORATION 


Catalogs and Bulletins continued 


(U-75) ENCLOSED SWITCHES—Cata- 
log 83, 28 pp, describes switches de- 
signed for use on either a-c or d-c ap- 
plications. Included are general purpose 
switches, sealed switches, heavy-duty 
limit switches, hand-operated switches 
and maintained contact switches. Micro 
Switch, Freeport, Ill. 


(U-76) MAGNESIA-INSULATED CON- 
DUCTORS — Bulletin, 2 pp, describes 
why, where and how wires insulated in 
this manner are used. A table of speci- 
fications is also provided. Aero Re- 
search Instrument Co., 1040 Grand 
Ave., Chicago 22, IIl. 


(U-77) GENERAL PURPOSE POWER 
SuPPLY—Bulletin 178, 2 pp, covers 
unfiltered units rated from 5 to 150 
and from 6 to 230 v, dc. Opad Electric 
Co., 69 Murray St., New York 7, N. Y 


(U-78) PLUG-IN COMPONENTS—Cat- 
alog 827, 36 pp, presents circuit draw- 
ings and specifications on 36 different 
plug-in units. A number of typical ap- 
plications are also presented. Eeco Pro- 
duction Co., 506 E. First St., Santa Ana, 
Calif. 


(U-79) HiGH STABILITY RESISTORS 

Bulletin, 2 pp, contains information 
on matched networks, tolerances, tem- 
perature and voltage limits. Pyrofilm 
Resistor Co., 8 Whippany St., Morris- 
town, N. J 


(U-80) RELAYs—Catalog 55, 11 pp, 
includes range of short and long form 
telephone type relays for ac and dc, 
subminiature 4-с relays, improved 
latch-in relays of extraordinary versatil- 
ity, relays with bifurcated (twin) con 
tacts, miniature relays with heavy cur 
rent contacts, relays with time delay, 
plug-in relays, relays with snap action 
contacts, and 400 cps relays. Magne- 
craft Electric Co., 3350Y W. Grand 
Ave., Chicago 51, Ill 


(U-81) SrEPPING SWITCHES AND 
RELAYs—Circular 1843, 4 pp, de- 
scribes line of control components for 
industrial use, including stepping 
switches, relays and key switches. Auto- 
matic Electric Sales Corp., 1035 W. 
Van Buren St., Chicago 7, Ill. 


(U-82) RELAYs—Catalog, 18 рр, 
gives specifications and prices of relays 
available from stock. Relay Sales, 4721 
W. Madison St., Chicago 44, Ill. 
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WARO LEONARDO 


Design made easy with reliable İ 
RESISTORS, RELAYS, RHEOSTATS 


Want to know how? These data-packed bul- 
letins and catalogs will show you. 


RESISTORS — you'll find the widest selection of 
stock power resistors ever offered by any manufac- 
turer in Ward Leonard Catalog 15. 


RELAYS —long, trouble-free life under the most ad- 
verse conditions is the big plus the system designer 
gets with the a-c and d-c relays described in Ward 
Leonard's relay catalog. 


<) WARD LEONARD 
cms ELECTRIC COMPANY 


\—/ MOUNT VERNON, NEW YORK 


Product Engineering — Mid-October, 1956 


RESISTORS 


RHEOSTATS —complete application data on smooth- 
acting 25- to 300-watt Vitrohm ring rheostats is con- 
tained in Ward Leonard bulletins 1105-16 

Write today for this helpful literature. You'll find 
plenty of design tips. And, you'll find Ward Leonard 
offers a wider selection of stock items, quicker service 
on made-to-order controls, and more performance per 
dollar than anyone else. Ward Leonard Electric Com- 
pany, 89 South St., Mount Vernon, N. Y. (In Canada: 
D. M. Fraser Ltd.— Toronto. ) 617 


о Ф U A 


antostats RELAYS CONTROLS Dimmers 


Rec -Erpruud Coitiots Since 1802 





DORMEYER 


SOLENOIDS 


TO OUTLAST 
PRODUCT LIFE 


MILLIONS OF CYCLES constitute 
standard DORMEYER dependa- 
bility. DORMEYER solenoids 
serving this long and longer con- 
tinue in smooth operation in count- 
less products today. 


All types and sizes available to 
meet your needs. DORMEYER 
quality means dependable, long- 
lasting, trouble-free circuit opera- 
tion...and DORMEYER produc- 
tion facilities mean low unit cost, 
on-time delivery 
DORMEYER electro-mechanical 
controls can be custom-engineered 
to your requirements...depend on 
our 30 years of specialized experi- 
ence to solve your problems 
DORMEYER also makes a com- 
plete line of coils and transformers. 
e "as 
Send b/p and specs for 
recommendations. Request 
free 20-page data- 
packed catalog. 


DORMEYER INDUSTRIES 


FACTORIES IN CHICAGO AND KENTLAND, INDIANA 


3414 Milwaukee Ave., Chicago 41, III. 
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Catalogs and Bulletins continued 


(U-83) ELECTRICAL TERMINALS — 
Catalog, 16 pp, describes hermetic ter- 
minals, insulating terminals, terminal 
boards, rubber coatings of silicone. 
Silicone Seals, Inc, 3125 Milwaukee 
Ave., Chicago 18, Ill. 


(U-84) Two-CiRCUIT LiMIT SWITCH 
—Data sheet 104, 2 pp, describes 
switch used as a control for two inde- 
pendent circuits. Micro Switch, Free- 
port, Ill. 


(U-85) MAGNETIC COMPONENTS 
Booklet, 16 pp, describes variety of 
specialized magnetic components pro- 
duced for use in electrical and elec- 
tronic equipment. Raytheon Mfg. Co., 
100 River St., Waltham 54, Mass 


(U-86) ELECTRICAL QUICK-DISCON 
NECT—Bulletin, 2 pp, contains infor 
mation on how quick-disconnect works, 
and a description of the insulation ma- 
terial, pin and socket contacts. Deutsch 
Co., 7000 Avalon Blvd., Los Angeles, 
Calif. 


(U-87) WOVEN HEAT ELEMENTS- 

Folder, 4 pp, describes construction, 
characteristics, applications of woven 
wire heating units. Safeway Heat Ele- 
ments, Inc., 680 Newfield St., Middle 


town, Conn 


(U-88) VOLTAGE REGULATORS—Bul 
letin 5.02, 2 pp, has details on both a« 
and d-c compensated units for voltage 
regulation. Electric Regulator Corp., 
502 Pearl St., Norwalk, Conn 


U-89) MAGNETIC AMPLIFIERS - 
Bulletin MA, 2 pp, describes standard 
type amplifiers of toroidal construction 
Hycor Co., Inc., 11423 Vanowen St., 
N. Hollywood, Calif 


U-90) 
SWITCHES 
performance and design data for 10 


SUBMINIATURI TOGGLI 
Bulletin, 1 pp, gives rated 


amp, 50 v, d-c switches. Torsion Bal 
ance Co., Clifton, N. J 


(U-91) POTENTIOMETER—Data sheet, 
+ pp, describes potentiometers with 
resistance ranges from 10 to 100,000 
ohm, linearity percentage for both 
styles of mounting, functional and elec 
trical angles with and without stops, 
dissipation ratings, torque in.-oz frac- 
tions, ganging information, sizes and 
weights. Waters Mfg., Inc., 
St., Waltham, Mass 


í Gordon 


Мо, MINIATURE. LIGHTING 
Project Data $heet 


Get the 
RIGHT Data . . the 
RIGHT Ideas. . about YOUR 


MINIATURE LIGHTING 


Here's the scientific way to ap- 
proach Miniature Lighting. Just 
fill in basic questions on Drake's 
new PROJECT DATA SHEET, 
and mailit back. Our expert en- 
gineers will scientifically analyze 
your data .. from all the thou- 
sands of possible lighting ar- 
rangements, will recommend 
the one best for top results, 
greatest economy, in your spe- 
cific case. Drake’s decades of 
specialized Miniature Lighting 
experience, and complete line 
of regular and special units, are 
thus at your disposal. This serv- 
ice is free—no obligation. 


SEND FOR 
YOUR 


Project 
Data Sheet 
TODAY! 


MANUFACTURING 
COMPANY 


1711 West Hubbard Street 
CHICAGO 22, ILLINOIS 


Socket and Jewel 
LIGHT ASSEMBLIES | 
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‚жий, йз. BLAKE 


en) 


CORD «CABLE 


For Power Supply, Communications, and Electronic Applications 


Advanced Design, Highest Quality, Dependable, Long Lasting 


MICROPHONE CABLE 


Super Flexible Type with semi-conducting textile shield and neoprene 
jacket. Conductors are cadmium copper for improved flex life and 
are insulated with high-dielectric strength rubber. This cord has 
extra long service life. Noisy circuits caused by intermittent opens 
with movement of the cable are non-existent in this new development. 
Copper Shielded Type with tinned soft copper conductors, high 


quality rubber insulation, oil resistant neoprene jackets also available. 


SPEECH INPUT AND SOUND 
SYSTEM CABLES 


Semi-Rigid, Polyvinyl Chloride Types. These wires have excellent 
insulation resistance and electrical stability under high humidity 
conditions. Semi-rigid Plastite(® insulation is tough abrasion resistant 
end flame resistant. Types with solid or stranded conductors with 
bare or tinned copper shield are available. Also, with cotton braid 


.t Plostite jacket overall. Also Enamel-Textile Types are available. 


SIGNAL WIRES 


Bare soft copper conductors insulated with high dielectric strength 
polyvinyl chloride insulation. Underwriters’ Laboratories approved for 


fire and burglar alarm system internal wiring. 


INTERCOMMUNICATIONS CABLES 


TELECABLE(®) Multiconductor Paired Inside Wiring Cable. Furnished 
іп #24 AWG in 6, 11, 12, 16, 21, 26, 32, 51 and 76 pairs, and 
in #22 AWG in 6, 11, 12, 16, 26, 32 and 51 pairs. These cables 
have semi-rigid Plastite insulation and brown or ivory Plastite jacket 
They are light weight, easy to install, have excellent insulation resist- 
ance and are unaffected by humidity. Semi-rigid polyviny! chloride 
insulation does not tend to cold flow even when the cable is bent 


sharply as it often is when placed in conduit 


FLEXIBLE CORDS 


Underwriters’ Laboratories Approved Flexible Cords for power suppry 


Rubber jacketed types and DYNAPRENE neoprene jacketed types 
For use on original equipment and in factories, garages and other 


locations where cord is subjected to hard usage 


ATLANTA, GEORGIA 1447 Peachtree St., N.E. Tel.: Trinity 5-2683 


CHICAGO 12, ILL. 3145 Carroll Ave. 


Tel.: Van Buren 6-0020 TWX: CG 1708 


CLEVELAND 16, OHIO 19115 Detroit Road Tel.: Edison 1-7737 


SALES 


DALLAS 6, TEXAS 4350 N. Central Expressway Tel.: Union 2212 
DETROIT 2, MICHIGAN 15324 Mack Ave. Tel.: Tuxedo 2-4606 
JEFFERSON CITY, MO. P.O. Box 521 


Tel.: 5-3619 


OFFICES LOS ALTOS, CALIF. Box 1362 Tel.: Whitecliff 8-2122 
LOS ANGELES 49, CALIF. 12243 Shetland Lane Tel.: Granite 9-0701 
MINNEAPOLIS, MINN. 6113 Excelsior Blvd. Tel.: West 9-8523 
PHILADELPHIA 10, PA 1541 Land Title Bldg. 100 South Broad St. Tel.: Rittenhouse 6-4067 


RALEIGH, N.C. 2713 Lockmore Drive 


WELL BUILT WIRES SINCE 1899 


> WHITNEY BLAKE 


© 1955 
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Tel.: 2-4778 


107 PERSHING STREET 


CO. HAMDEN, CONNECTICUT 


Telephone: New Haven CHestnut 8-5515 TWX NH84 





VEG 


LLL LU, 


Heating elements designed 
and manufactured for all types of 
major and traffic appliances— 


—Thoroughly experienced in the design and 


production of heating units for the armed forces—gun heaters, 


pre-heaters, de-icers, defrosters and other equipment— 


—Complete engineering and laboratory services 


available to aid in design and testing. 


H.W.TUTTLE & CO. 
Adrian, Michigan 


Electrode Type, Liquid Level Controls 


2 Pole Level Control 
TYPICAL APPLICATIONS 
Pump Controls 
High and Low Level Cutoffs 
High and Low Level Alarms 
Multi-level Signals 
Volumetric Metering 
Boiler Feedwater and Cutoff 
Sewage Ejector Controls 
Carbonator Pump Controls 
Submersible Pump Cutoff 
Evaporator Cutoff 
Process Industries Controls 
Special Panels and Controls 


PRINCIPLE OF OPERATIONC- The operation of controlling liquid levels 
by means of electrodes is simple, accurate and positive. A combination of 
a matched relay and transformer, integrally mounted on a common baseplate 
and connected to one or more electrodes positioned to contact the liquid 
surface at predetermined levels, actuates the opening and closing of elec- 
trical contacts on the relay. The contacts may be used to switch a motor, 
motor starter, contactor, motorized valve, alarm bell, 


solenoid valve, 
pilot light or any other device. 


SALIENT FEATURES—There are no moving parts in the liquid. Installation 
is easy, requiring no adjustment aside from cutting the electrodes to their 
proper lengths. Operation is unaffected by acids, alkalis or caustics and is 
independent of temperature and pressure. The control can be located remote 
from the liquid container. Levels can be maintained within 1/16 inch. All 
terminals are located on a single panel on top of the relay for accessibility. 
All contacts and moving parts are situated below the main panel for maxi- 
mum protection. Spacing and insulation are adequate for 600 volts. The 
baseplate is provided with keyhole for mounting screws. Equipment is listed 
by Underwriters Laboratories. 


ELECTRICAL RATINGS—Controls are available with coils suitable for any 
combination of supply line voltage and frequency. Contacts are U/L rated 
at 1 HP for 115 or 230 volts, 10 amperes 115 volts or 5 amperes 230 volts 
inductive load, and 690 volt-amperes 230 volts or 125 volt-amperes 460 
volts for pilot duty. All controls are of the double break, bridge type and 
have wiping action on closure. 


Write for 32 Page Catalog 


CHARLES F. WARRICK COMPANY 


1961 W. Eleven Mile Road Berkley, Michigan 
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ааа ы‏ ت 


for electrical connectors BURN DY 
IT ALWAYS PAYS TO CONSULT BURNDY | Technical Field Offices 


ATLANTA 5, GEORGIA—W. R. CALVER- 
LEY, 1000 Peachtree St., N.E., R 207 

j re э TRinity 6-8833 
With more than 30,000 individual engineers will help you solve any con- BALTIMORE 7. MD. — BRADLEY CO 
Bur "'onnec > en sd 4 E ІМС., 3506 Sussex Rd.— Oldfield 3-3815 
ndy connector designs — Burndy is nector problems in joining, terminating BAY CITY, MICHIGAN — JOHNSON 


ready to serve your connector needs clamping, or grounding every size and — oe ai 


promptly, efficiently. Over 100 graduate — type of electrical conductor Mw" «4 wox* ow 
l'remont 9-9302 
BOISE, IDAHO—SHAFFER & NELSON 
M N. 36th St.— Boise 4-0148 
BOSTON !6, MASS.—J. J. COSTELLO 


HYLINK INSULINK CO.. 131 Clarendon St.—Commonwe alth 


Compression terminals . HYRINGS Nyl BUFFALO 3, N.Y.—VINCENT J. BROWN 
and splices. +22 thru Compression ylon insulated CO.. 564 Ellicott Sq. Bldg.— Cleveland 


2000 Mcm ; ferrules for terminals and 
à i m CHARLOTTE 2, N.C.—GLENN & LAR 
shielded or splices. 226 SON, 123 Brevard Ct.— Edison 4-3994 
coaxial cable thru 2/0 CHICAGO 3!. ILLINOIS—J8G ELECTRIC 
? CO.. 6030 Northwest Highway—Newcastle 
3500 
CINCINNATI (3, OHIO THE HAR 
RINGTON-FISHEL ©O., P.O. Box 6 
Melrose 1-7024 
CLEVELAND 14, OHIO THE HAR 
RINGTON-FISHEL CO., 512 Engineers 
Bldg Superior 1-6612 
DALLAS 3, TEXAS—ELGIN B. ROBERT 
SON, INC 1339 Plowman St White 
hall 2-3157 
DENVER !6, COLO PETERSON CO 
4949 Colorado Blvd.— Dexter 3-5434 
DES MOINES 12. IOWA—THF CHAS. L 
WARD CO., 4006 Grand Ave.--CRest 
wood 7-4769 
DETROIT 21, MICH.—KNAUS. GLASER 
INSULUG BOWMAN & HENRY, 3117 W. Ме 
Nichols Rd University 1-9909 
HOUSTON 4 , TEX.—ELGIN B. ROBERT 
SON CO 4101 San Jacinto Jackson 
9-3797, 9-8 
HUNTINGTON I. W. VA. — MULLER, 
NYOCLIPS HARPER & ASSOCIATES, INC, P.O 
P Box 1736 — Jackson 3-8119 
reformed nylon FINGRIP SCRULUG INDIANAPOLIS 4, IND. — L. M. RUD- 
cable hangers for A BECK, INC., 503 Illinois Bidg.—Melrose 


j- 1838 

single — ғ p ; l А JACKSONVILLE 3, FLA FLORIDA 
roups of ca j | ELECTRIC SUPPLY, INC. 645 King 

from V T К г : St.. P.O. Box 2087 — EV 7-7448 
"n A. KANSAS CITY 8, MO.—THE CHAS. L. 
lo over 2". ade WARD CO., 3132 Roanoke Rd.— Valen 

tine хуз 

LITTLE ROCK, ARKANSAS—CURTIS H 
STOUT CO.. 400 Shall 8t, P.O. Boz 107 


b ў Franklin 4-8201 
и LOS ANGELES 5, CALIF EARL 8 
У: CONDON CO., 3460 Wilshire Bivd 
Dunkirk 1-3951 
MEMPHIS, TENN.—CURTIS H. STOUT 
OF TENN.. INC., 718 M & M Bidg 
A Jackson 6-7601 
Automatic-machine-fed MIAMI 32, FLA.—SHAW HARDY CO 
846 Ingraham Bldg Franklin 4-8342 
terminal. #20 thru MINNEAPOLIS 1, MINN.—R. H. CUP 
PLES CO.. 718 N. Washington Ave 
т 12. Federal 8-5681 
, Compact terminal NEW HAVEN !, CONN.—J. J. COSTEL 
+14 solid LO CO., P.O. Box 88 — Main 4-4491 
TJ NEW ORLEANS 15, LA CURTIS H 
thru 500 Mem. STOUT CO., P.O. Box 1176—Twinbrook 


)-3438 


BANDOLUG CROUND CONNECTORS NEW YORK OFFICE — BURNDY ENGI- 
SERVIT NEERING CO., INC., 20 East First St 
Mount Vernon, N.Y. — Luċlow 4-9300 
N. Y.C. Exchange) 
OKLAHOMA CITY 16, OKLA THE 
CHAS. L. WARD CO., 3125 N.W. Grand 
Bivd Victor 3-3737 
OMAHA, NEBRASKA — THE CHAS. L 
Ww ARD OO. 6017 8. 31st ST.—Harney 
989 
PHILADELPHIA 4, PA.—BRADLEY CO 
INC.. 3341 Arch 8t Evergreen 2-4040 
PITTSBURGH 22, PA.—MULLER, HAR 
PER & ASSOCIATES, INC, First Natl 
Bank Bidg.—Atlantic 1-5757 
PORTLAND !4, OREGON—SHAFFER & 
NELSON, 139 8. Е. Taylor St Belmont 
4-7437 
ST. LOUIS 17, MISSCUR!I — HENDER 
SON SALES CO 8131 Manchester 
Most popular of all For connecting m EE - Sterling 1-2318-9 
inati 8 ANCISCO !!, CALIF.—GBEORGE 
split-bolt Automatic wire-terminating ground bus to E. HONN CO., 420 Market St.—Sutter 
connectors. #10 thru 


machine. Accommodates rod or pipe. SEATTLE 4, WASH INGTON—SHAFFER 
Insulugs for wire sizes #8 solid thru & NELSON, 312 Occidental Ave. —Mutual 


0186-018 
1000 Mcm. i24 thru X 12. 1000 Mcm SPOKANE !0, WASHINGTON — SHAF 
s FER & NELSON, W. 1835 Bway., P.O 
Box 198—Fairfax 5395 
SYRACUSE 2, NEW YORK—VINCENT J 
BROWN OO., 218 Harrison St.—8Byra 


cuse 3-3485 
TAMPA !, FLORIDA—FLORIDA ELEC- 
TRIC SUPPLY, INC., P.O. Box 2602— 
Tampa 2-1544 
WASHINGTON 6 D.C. BRADLEY 
COMPANY, INC., 1902 “L” St, N.W 
Republic 7-1300, 1301, 1302 


HONOLULU, HAWAII — HONOLI 
NORWALK, CONNECT. TORONTO, CANADA BLECTRIGAL PRODUCTS CO., LTD.. 
E К ۰.0 эх 459—57946 
FACTORIES: New York, California, Toronto EXPORT: Philips Export Company FOREIGN — PHILIPS EXPORT CO., 100 
Z. 42nd St N.Y. 17—Oxford 7-3600 
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Alnico Permanent Magnets 
Work Forever— No Matter 
What Your Application! 


Made in all sizes and shapes — Cast 
or Sintered —Shell Molded Castings 


In such diverse products as toy trains and hear 
ing aids to jet aircraft and radar equipment 
Alnico Permanent Magnets operate forever 
No power source is required; once magnetized 
the field is permanently retained. The Genera 
Magnetic Alnico V costs nothing to operate 
contains no moving parts to break dowr 


When you order your permanent magnets from 
General Magnetic you also get: (1) outstanding 
performance, (2) the latest in materials and 
process ovelopmer (3 uniform quality 
exactly filli needs (4 the assistance 


Because General Magnet a prime producer 


of the alloy, you get exacting quality control 
Whatever your applicati we will produce 
according to your drawings and specificatior 

om-build to fit your needs! If you have 
a new applicati vou find our years « 
technical experience especially helpful. Next 
time you need a permanent magnet call 
General Magnetic f 


and fast service 


or engineering know-how 


Write today for more informa r or submit 
your blueprints 


t ENERAL ПАТ СОВР. 


10017 Erwin, Detroit 34, Michigan 
7438 W. North Ave., Elwood Park Sta., Chicago, 111 


MANUFACTURER JF HIGH COERCIVE 
MAGNETIC ALL 


{86 


Eo 


| Get this 
| MOLDED 


BRUSH HOLDER 
ENCYCLOPEDIA 


Here is the latest informa- 
tion on the complete line of 
Phoenix 'standarized- 
custom'' Brush Holders and 
Caps—over 100 standard 
molded brush holders and 35 
standard molded caps plus 
data on assembled types and 
cast brush holders. Shows how 
standard brush holders can be 
modified to suit your exact re- 
quirements. ..at remarkably low 
cost. Your copy free on request. 


Write for Phoenix Bulletin 550 


28 


PHOENIX ELECTRIC MANUFACTURING CO. 
4211 W. Lake Street ° Chicago 24, Illinois 


EXPERIMENTAL COMMUTATORS 
MADE TO YOUR EXACT (i; 
SPECIFICATIONS BY TOLEDO |) 


t Ge 
NER 


/ If you are faced wit! 
lifficult commutator design problems, take advantage of our 
engineering service we have the engineering facilities 
and modern tool room equipment to produce experimental 
ommutators and collector rings. Your newly designed commutators 
will be produced with extreme accuracy and manufacturing 
controls. Toledo products are manufactured from finest 
silver bearing copper, high grade steels and mica 
Commutators are precision machined and heat-treated. Our qualit 
control procedure is approved by the U. S. Air Force 
Write today for our catalog #60, to 


2 TOLEDO COMMUTATOR CO., OWOSSO 5, MICHIGAN 


TOLEDO COMMUTATORS 


quolity products since 1895 


58 
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1000 $ЕВ!Е$ Р 2000 SERIES 


* 


SOLVED BY DAZIC 


Control at extremely slow speeds is possible with patented 
DAZIC direction and zero indicating contactors. They operate 
at shaft speeds as low as 4 RPM, yet can be driven at high 
speeds at temperatures from —20° F to 250° F. Wide per- 
formance range makes DAZIC ideal for direct control—elimin- 
ating the need for complicated speed reduction hook-ups. 

Compact, “sealed-in” design and rugged construction per- 
mit use of DAZIC zero speed switches in confined areas and 
under difficult operating conditions. 


Applications of DAZIC include: 
Use as conveyor controls and interlocks 
2100 SERIES Operation of braking equipment 
~ Adaptation as plugging switches 
To indicate shaft rotation or direction of shaft rotation 
As cut-out control to prevent unwanted acceleration 
To indicate faulty operation of any rotating parts on remote or 
inaccessible equipment. 
To prevent reverse power being applied to a motor until com 
plete stop has been made 
To indicate number of equipment starts and stops (in conjunction 
with counting devices 
* TRADE MARK REG 


SPECIFICATIONS 
STANDARD MODELS ELECTRICAL 


low Speed Control Indicates AMP. Ratings 
NOTES: “Adjustable in field for Model Accelera- | Speed Shaft Le Zero . | | 
cut-in or drop-out speeds within к М 1 
ranges of approximately 15 to No. fion Loss Rotation | tion | Speed Contacts |1 10V. A.C. | 220V. A.C. | 440V. A.C. 
100, 50 to 250, and 100 to 450 Y | 
RPM. Specify range desired 1020 4 RPM че 25 
1. Special explosion proof hous- | 1030 4 | RPM Yes 25 
ings can be furnished with all | | 
units: for use in hazardous areas | 1050 4 | RPM | 25 
2. 1000 series mercury tube con- | 2020 20 | RPM | 10 


tacts, S.P.S.T.; 2000 and 2100 ser | one : 
es snap action contacts, S.P.D.T 2030 5 | | 


3. D.P.D.T. relays can be fur- 2120 15 | RPM 10 
nished with series 1000 units 2120-A* 15 RPM 10 
mounted in cast or metal hous = 

ings, rated at 10 AMP. at 110V 2130 15 RPM 10 
A.C., or 10 AMP. at 220V. A.C 2130-A* 15 | RPM | | | 10 


SEND US INFORMATION DIMENSIONS 


ON YOUR SPECIAL RE : Обон Олобо: | Shaft 


Body 
QUIREMENTS. MANY . | Height | Width 19%. | Diam. L | Mount FI 
VARIATIONS OF ABOVE puer: | te. | Diam [wm "TE Е 


STANDARD MODELS ARE ' 1% Horizontal Plastic 
AVAILABLE TO MEET RE- , | 1 Any Position Metal 
QUIREMENTS OF SPECIFIC y” Y 1 Metal 
APPLICATIONS И неа 3 = " е evasit 


Cast metal and sheet metal housings can be provided with all 1000 series 
models for protection against mechanical abuse 


DAZI WINTERBURN MANUFACTURING COMPANY 
RL 


P. 0. BOX 386, PUTNAM, CONNECTICUT 


Any Position 
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[i ibson 


FOR SIZE 


* EXPERIENCE 


“a 
"d 


Gibson's engineering ability in de- 
veloping the right electrical con- 
tact for the right product is unex- 
celled . . . whether your product 
requires large or small contacts, of 
contacts of odd size or metal com- 
binations. 


SERVICE 

Gibson pledges to deliver electri- 
cal contacts of top quality, on time 
at a competitive price, 


COMPLETE LINE 


Gibson offers you a wide selection 
of electrical contact materials (in- 
cluding Gibsiloy powdered met- 
als), forms ( including rivets, steel- 
backs, stampings, molded parts), 
and assemblies (either riveted, 
welded cr brazed), 


FLEXIBILITY 


Gibson’s round-the-clock produc- 
tion enables us to meet require- 
ments of every rush job. Consult 
us when developing new products 
or improving old ones. 


— 


for 
Way catalog © 


LE ж 
[ibsiloy 
ELECTRICAL CONTACTS 


Mia «144 {< 


GiBSON EtECTRIC ТТТ 


8358 Frankstown Ave. 
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Pittsburgh 21, Pa 


Catalogs and Bulletins continued 


(U-92) ELECTRIC HEATING UNITS 

Catalog, 40 pp, describes strip, cylin- 
drical, ring, cartridge, tubular, immer- 
sion heaters, hot plates, controls and 
accessories. Watlow Electric Mfg. Co., 
1376 Ferguson Ave., St. Louis 14, Mo 


(U-93) LIMIT SWITCHES — Bulletin 
802T, 10 pp, describes line of oiltight 
switches for machine tools. Allen- 
Bradley Co., 136 W. Greenfield Ave., 
Milwaukee 4, Wis 


(U-94) SWITCHES— Bulletin, 25 pp, 
has data on mechanical and electrical 
characteristics of switches of the rotary 
step type. Daven Co., 191 Central Ave., 
Newark 4, N. ] 


(U-95) 
© Pp, 


Bulletin RH, 
characteristics, 
Auto- 
1033 W 


POLAR RELAY 
gives electrical 
travel time, and other details. 
matic Electric Sales Corp., 


Van Buren St., Chicago 7, Ill 


(U-96) ELECTRICAL CONNECTORS 

Bulletin, 4 pp, describes line of AN 
electrical connectors, covering perform 
ance requirements, size and capacity, 
basic parts. Deutch Co., 7000 Avalon 


Road, Los Angeles, Calif 


(U-97) ELECTRICAL PLUGS AND RE- 
CEPTACLES—Bulletin B-59, 12 pp, il- 
lustrates and describes plugs and recep- 
tacles. Joy Mfg. Co., Oliver Building, 
Pittsburgh 22, Pa 


(U-82) PHOTOELECTRIC CONTROLS 

Catalog 55, 15 pp, shows photoelec- 
tric controls ranging from moderate 
sensitivity to ultra-sensitive, high speed 
and impulse actuated units. Available 
with safety relays and with warm-up 
protection. Autotron Co., P. O. Box 


722-V, Danville, Ill 


(17-99 ) 
TORS 


SPECIAL DESIGN CONNEC- 
Bulletin, 2 pp 
show several unusual designs used in 
radar tracking equipment, high altitude 
applications, printed circuitry and com- 
puter equipment. DeJUR-Amsco Corp., 
45-01 Northern Blvd., Long Island City 
LAN. YX 


Illustrations 


(U-100) 
21, 4 
tubular 


AB- 


plastic 


CAPACITORS— Bulletin 
pp. describes molded 
metallized paper 
Contains details, descriptions, perform- 
ance characteristics and test specifica- 
tions. Astron Corp., 255 Grant Ave., 


E. Newark, N. J. 


capacitor 


FOR COMPC 

ж... by 
FASTEN, CONN NOF MONITOR 
YOUR ELECTRONIC OR ELECTRICAL 
CIRCUITRY 


ALDEN PLUG-IN COMPONENTS 


aX WW 
gee ДЖ. 2 


Жз‏ تة 


Y 4k 


Simplify circuitry packaging, cut assembly 
costs and minimize servicing problems by 
using Alden mechanical components for 
plug-in unit construction. Your circuitry 
ean be mounted in compact vertical planes 
on Alden pre-punched terminal cards which 
simply snap into Alden Basic Chassis, or- 
ganizing your equipment by functions— with 
all leads as accessible, easy to check con- 
nections. Alden Basic Chassis also provide 
quick locking, piloting, and ejecting mech- 
anisms—so that any circuit function can be 
plug-in or replaceable in less than 30 sec- 
onds by non-technical personnel. 


TESTING AND SENSING COMPONENTS 


>. “ә. GS 
N ә: 6: 
< “4 x 
Tiny Alden indicator lights, test jacks, in- 
dicating fuseholders and “press to test” 
warning lights use fresh new design con- 
cepts to do jumbo-size jobs in miniaturized 
design. These components make it simple to 
provide front panel "tell tales" and “point 
of check" components in limited front panel 
space. Mount easily in your equipment using 
simple snap-in or production eyelet mount- 
ing methods. 


ALDEN CONNECTING COMPONENTS 


COT 


"ins 
ХУ еә 
е Ае еә 


Solve any of your connecting problems from 
simple audio input jacks to high altitude 
rocket connectors with these Alden connect- 
ing components. Simply select the standard 
Alden connector designs for your specific 
job from the Alden Handbook. Hundreds of 
standard Alden connectors featuring indi- 
vidual strain relief on each lead, 100% 
molded insulation are available to you in 
compact space saving designs. Alden's inte- 
grated connector, wire, and cabling facili- 
ties can then provide you with unit cable 
assemblies tailored to your specs and re- 
quirements. For more critical applications 
Alden “IMI” (integral molded insulation) 
Connectors provide integrally molded strain 
relief and moisture seal while preventing 
arc-over and suppressing corona. 


ALDEN ELECTRICAL COMPONENTS 


7 ® BRS 


These Alden convenience and grounding 
outlets, safety fuseholders, detachable line 
cords and “sure grip” plugs and connectors 
are designed specifically to meet space sav- 
ing requirements and assembly techniques 
of modern appliances and electronic equip- 
ment. Cut your assembly and production 
costs while enhancing your equipment’s 
Operation and appearance with these Alden 
Electrical Components. 


WRITE TODAY on your com- 

pany letterhead or send $1.00 for == 
the Alden Handbook, “Ideas- =, 
Techniques-Designs”—One source Á 

for components te Mount, House, (= 
Fasten, Connect and Moniter your 
electronic or electrical circuitry. 


ALDEN PRODUCTS COMPANY 
111 No. Main St. è Brockton, Mass. 
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connect with 


CANNON for better — 
and electronic equipment 


USE 
for TYPICAL DESIGNS 
C-5015C. 15 insert diameters and 260 contact layouts. 6 shell 
e mtv titius styles, 4AN3100 to AN3108 with all accessories. Also t AN) F, 
INSTRUMENTS Esc O(*) AF 


AIRCRAFT N AN, AN-A, AN-B, AN-C Conforming to Speciheation MII 


for VIBRATION , 
RESISTANCE d AN-E SERIES .. envin nment resisting. Replaces AN-M. Meets Spe 
tion MIL-C-5015C. Resilient inserts. Integral cable clamp. New 


and MOISTURE- lugs. Interfacial sealing. improved grommet and new grommet fÍ 
PROOF applications 


for GENERAL V K, RK SERIES ... SPECIAL ACME THREAD. The All-Purpose 
CIRCUITRY and à Series. Conduit and cable clamp entry types. ] to 82 contacts 
ТЩ d DISCONNECT У in 213 different contact layouts. 10-, 15-, 30-, 40-, 60-, 80-, 115 
A 4 and 200-amp. silver-plated contacts. High quality phenolic, 
in more MITT Д à е melamine, and formica insulators. Cadmium-plated aluminum 
applications alloy shells 


for $ У | DP, DPB, DPD, DPD2, DPD2R, DPR, AND DPM SERIES 
UNIT-PLUG-IN j chassis. With and without shells; coaxial and high 


quick disconnect, interchange, repla ement. testir 


арр!їсаїїоп$... ) semblies and sub-assemblies 


; P, XLR, XL, XK, O, UA, BRS SERIES many she 
for AUDIO 4 | iS... many 
Straight and angle 90° plugs. Latch-lock types. W 


and LOW LEVEL Ce a SA secl 
circuits contacts, coaxials. | es features 


D, MC, DPA, DPX, AND K MINIATURES miniatures and 
for RADIO and sub-miniatures designed for amplifiers, miniature indicators, 


computer circuits, telemetering equipment, small pre 
SUB-MINIATURE P ind general instrumentation where space is limited 
applications ( « r rent requirements are generally not over 5 amperes 


junction shell, and insert arrangements. 3 to 59 con 


for HERMETICALLY GS (AN TYPE), KH, RKH, DAH, BFH, TBFH, DBH, KH30 

shells and contacts to withstand high pressures from withir 

1111 Insulation is a glass material, fused under high temperature 
applications | contacts, thus forming a hermetic seal. 


for adu -*FW," AND CANNON K-"FW" STEEL SHELL CONNECTORS 


TEMPERATURE парче ьс a nius. cd 9 
and firewall box-mounting receptacles. Straight or 
applications 


led mate 


208 Humboldt St.. Los igeles 
Send for AR Con ۲ Id l Ar g 
densed Càtalog con 1 ries in Los Angeles, East Haven, Conn., Wakefield, Mas 
taining illustrations * ondor elbourne, Austl. Manufacturinz censees P 
and technical infor tepresentat < | distributors in all principal cities 
mation on all princi 
pal series of con please refer to Dept 10е 


т | CANNON JEUE CIRIC 


Since 1915 


Product Engineering — Mid-October, 1956 [89 





ee ص‎ 


PROTECT 
YOUR PRODUCT 


at point of strain 


Protect product sole- 
ability too — by insur- 
ing long life for cords, 
cobles and conductors 
Genuine "GRIPMAS- 
TER'' Strain Reliefs 
provide these vital feo- 
tures — 


* Anchor cords to 
housings 


Á Eliminate taping or 
threading 


Prevent unraveling 


Prevent cord pull 
damage 


All sizes and styles 


4& WAYS TO END ALL CORD 
AND CABLE SERVICE FAILURES 


° ШШ 


STRAIN RELIEFS 


Interruptions due to cable and 
cord connection failures are elim- 
inated because they anchor the 
cord to the product at the point 
of strain. GRIPMASTER Strain 
Reliefs can withstand pulls up to 
100 ibs., and are acceptable to 
Underwriters Laboratories. All 
types Reg. U. S. Pat. Off. 


SPECIALISTS IN- 


ШШ ШК 


ANY SHAPE... 


also Any Size—large,” 
small or very thin— 
Light Weight, Tough, 
Flezible, as required. 
Completely High Voltage 
Tested. Operate under , 
High Pneumatic Pres- 


sure, Resist corrosion. 
Immersable. Тоза Е 


with Silicone Rubber,” oe 


Neoprene, Kel-F Кезіп, 


Easy to apply 


Polyethylene, ete. Meet 7 Еа 
USAF Specs, Low Cost. = 
Standard units available. a ^ 


Write or call— 


Electro-Flex Heat, Inc. | 


$16 ASYLUM ST., NARTFORD 5, CONN. (CHapel 7-2401) д 


р 2 
Inexpensive | y 
К, 2 


LE м 
INSULATED TYPE 


WIRE BINDING 
SLEEVES— Preventing fray- 
ing of cord ends, these 
specially-treated rubber 
tubes are available in five 
to fit wires to .790 


3 WRITE 
FOR 
SAMPLES 
AND 
LITERATUR? 
TODAY! 


Gripmaster Strain Re 
liefs оге "tremendous 
trifles” that make good 
products better! 


Ask for samples. 
sizes 


GEORGE WALKER COMPANY 


118 AMSTERDAM AVE., PASSAIC, NEW JERSEY 


send for free illustrated booklet 


Eu mU 


Product 
Engineering 


shielded 
ventilation... 


MIDGET LOUVERS 


All-aluminum Midget Louvers 
provide ventilation for electronic 
equipment cabinets. 

Louvers in air ports of transmitter 
sets prevent radiation interference on 
adjacent TV sets. 

Easy installation in either wood or 
metal cabinets, simply drill hole and fit. 
Louvers are screened to keep out insects 


1” to 6” 


Proportionate weights per dozen 
2 oz. to 16 oz. 


Product Engineering is 
the only paid-circulation 


magazine serving 


Sizes 


design engineers 


Write for complete data 


MIDGET LOUVER CO. 


6 WALL ST. NORWALK, CONN. 


exclusively. 
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E BANANA PINS 


Four sizes 
piece ber 
Adap 
threa« 
types 


созо а 


With thread 

hina 
SITES )5 p angle types 
needed 


tomers specifica 


D MAGNETRON CONNECTORS 


For heater and heater cathode 
terminals of magnetrons. Ava 
n many variations to 


specific needs. 


SWITCHES * 


switches 
ensee 


sh-t 


x petri 
„à expe 


celd anc 
1€ «olume 


2 - ш i qu E E. 
The UCINITE Company | 777: yous 


wired and at and productio" 
DIVISION OF UNITED-CARR FASTENER CORP. esign, Enginee, ig спріпеег. 
< c е - 


Newtonville 60, Massachusetts 
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W. F. MUNFORD 


“A Пу amic 
Potential...” 


. is created daily bv millions of Americans in their 
purchases of U.S. Savings Bonds through the Payroll 
Savings Plan. Better than three out of four of United 
States Steel's American Steel and Wire Division 
employees are taking advantage of this easy automatic 


plan of saving 


We in management feel that every employee, whether 
newly hired or already on the payroll, must be advised 


constantly as to the values of this Savings Bond Pro- 


Portrait by Fabian Bachrach 


gram. A program designed to maintain high employee 
participation is an integral part of our everyday opera- 


tions. W. F MUNFORD, President 


American Steel and Wire Division 
United States Steel Corporation 


Does your company present the advantages of The 
Payroll Savings Plan (and a Payroll Savings \pplica- 
tion Blank) to every new employee? Are 75% of your 


employees enrolled in your Payroll Savings Plan? 


Write to Savings Bond Division, U.S. Treasury Depart- 
ment, Washington 25, D. C. Your State Sales Director 
will be glad to help you take your place with American 
Steel and Wire and the more than 40,000 other com- 


panies that have successful Payroll Savings Plans. 


The United States Government does not pay for this advertising. The Treasury Department 


thanks, for their patriotic donation, the Advertising Council and 


Product Engineering 
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TRANSFORMERS 
FOR — 


HEATING 

TESTING 

POWER 
ELECTRONIC 
ELECTRIC FURNACE 
SPECIAL WELDING 
PHASE CHANGING 
PRECIPITATION 
CONTROLLING 
RESEARCH 
LIGHTING 
INDUSTRIAL 
MEASURING 
SIGNALING 

HIGH and LOW 


VOLTAGE 


Over 30 years of know-how in special transformer design and manufacture 
The illustrations shown here are only a few of the many types manufactured. 


High Voltage Test up to 50 KV, 


Often equipped with circuit breck- 


ers, indicating meter and variable 
auto transformer input to 20KVA 


Audio Transformer, from 2 
Cycles to 3 KC in sizes 
from 1 to 100 KWA 


Multi-filament transformer 
up to 10 KVA and up to 
60 KV insulation. 


Saturable Core Reactors from 
sizes 1 to 200 KVA 
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High Voltage Filament 
Transformer air cooled, in 
sizes up to 10 KVA and 60 
KV working voltage 


Air Core Reactors 
0.1 to 50 KVA 


Multi-voltage Transformer 
vp to | KVA 


Rectifying Transformer 1, 2 
or 3 Phase, ! to 3000 
Amp. up to 300 KVA 


High Impedance or Current - 
Limiting Transformer in both 
Core Type as above, or in 
Shell Type. 0.1 to 20 KVA 


3 Phase Auto Transformer 
for Step-up or Step-down 
Open Frame. Up to 300 KVA 


Multi-Voltage Transformer 
for test or experimental 
vse. 0.1 to 50 KVA 


Phase Changing Transformer 
2 to 300 KVA 


send for catalog 


WINDING LABORATORIES, INC. 


P. O. Box 455, Dept. 130, TRENTON, N. J. 
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DO YOU NEED 


a really 


RUGGED 
COMPACT 
SENSITIVE 


LIGHT-BEAM 


GALVANOMETER 


“Will take 
25 G's! 


this is it... 


Here is a new series of light-beam gal- 
vanometers that were developed to with- 
stand the extremely severe conditions of 
shock and vibration encountered in field 
servicing and testing of jet aircraft. 


Through unique folding of the light 
beam, great compactness is achieved 
while retaining sensitivity to the highest 
degree. . . equal to that of laboratory in- 
struments! | 


These Howell Galvanometers feature 
excellent readability. They are readily 
adaptable to existing instruments. They 
are competitively priced. 

SPECIFICATIONS: 


Sensitivity to .105 microamperes per millimeter 
Resistances: 20, 100, 500 and 1000 ohms. Short 
period; high speed response. SIZE. ONLY 2.6 
x 3.62" x 3.615" Sealed construction 


For full information 
please write or wire 


HOWELL INSTRUMENT Company 


3101 Trinity St * Fort Worth 7, Texas 


Catalogs and Bulletins continued 


(U-101) ELECTRICAL SWITCHES — 
Catalog 655, 24 pp, describes high-sen- 
metal-cased, immersion-proof, 
AN-type, JAN-type, 
d-c and subminiature switches. Unimax 
Div., W. L 160 W. 34 
St., New York 1, 


sitivity, 
general-purpose, 


Maxson Corp., 
N. Y 


ENVIRONMENT PROOI 
Bulletin P 103, 2 pp, de- 
limit 


(U-102) 
SWITCH 
scribes  roller-lever actuated 
switches, designed for use in both a-c 
and d-c Micro Switch, 


Freeport, Ill 


applications 


LIMIT 
i8 pp, has 


(U-103) DRUM, FOOT & 
SWITCHES—Catalog 5509, 
engineering and application data, con- 
nection diagrams and dimensions 
Furnas Electric Co., 1050 McKee St., 


Batavia, Ill 


(U-104) SMALL MOTOR SWITCHES 

Booklet EC79, 14 pp, describes toggle 
rotary and push-button switches. Also 
includes tables of ratings. Cutler-Ham 
mer, Inc., 296 N. 12 St., Milwaukee 


Wis 


(U-105) HEATING ELEMENTS—Pub 
lication EC-53, 24 pp, describes tubu 


lar, strip, water and oil immersion 
types and domestic water heating ele 
ments in both standard and custom 
made design. Cutler-Hammer, Inc., 296 


N. 12 St., Milwaukee, Wis 


(U-106) GERMANIUM RECTIFIERS 
AND STACKS—Two catalogs describe 
diffused 
rectifiers and diffused junction power 
stacks. Federal Telephone and Radio 
Co., 100 Kingsland Road, Clifton, N. ] 


germanium junction power 


(U-107 ) LIMIT SWITCH— Bulletin 33, 
4 pp, describes operating features of 
switch and its component parts, de- 
signed for machine tools and presses 


E. W. Bliss Co., Canton, Ohio 


Booklet, 
precision, 


(U-108) POTENTIOMETERS 
19 pp, describes line of 
linear potentiometers, counting dials, 
motors. George W. Borg Corp., 120 S 


Main St., Janesville, Wis 


CONTROLS — 
contains non- 


(U-109) ELECTRONK 
Bulletin EC-1, 16 pp, 
technical, simplified information on the 
performance and mainte 
nance of stepless speed control of 


installation, 


eddy-current rotating equipment. Eaton 
Mfg. Co., Kenosha, Wis. 


This is a KOILED KORD retracted 


УМУМ 


This is a KOILED KORD extended 


KOILED KORDS are available on 
special order to your specifications 
in multi-conductor types up to 37 
conductors, shielded if required. 
Stocked types include 2, 3, 4 and 5 
conductor +23 AWG communica- 
tions cords and 2, 3 and 4 conductor 
Underwriters’ Laboratories approved 
50, 5ЈО апа SV-neoprene jacketed 
power cords. KOILED KORDS can 
be supplied in 48 inch mandrel 
lengths or prepared into cord sets 
for attachment to equipment. 


INFORMATION YOU SHOULD GIVE 
WHEN ORDERING KOILED KORDS 


* Product on which retractile cord 
is to be used. 

* Length and type of cord now 
being used. 

* Appliance or equipment rating 
(if motor drive, give horsepower) 
Jacket material required: neo- 
prene for resistance to oil, rubber 
for cold temperature uses. 
Number of conductors 
Gage and type of conductors — 
whether stranded copper or 
tinsel. 


Length to which cord should 
extend. 
Length of leads on each end 
Type of terminals or fittings on 
each end. 
Approximate annual require. 
ments. 

* When possible, enclose sample or 
drawing of cord to be duplicated. 


WRITE FOR KOILED KORDS APPLI- 
CATION BULLETIN SHOWING 
MANY USES. 


(2/24 Korag 


incorporated 


ААЛАААААААЛАЛУ 
Box K, New Haven 14, Conn. 


IN CANADA: R. D. FLECK & CO., LTD., 
OSHAWA, ONT. 


* KOILED KORDS is the trademark of 
Koiled Kords, Inc 
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I imers tbat Control 


YOUR ‘SPECIAL’ TIMER 


may be one of our 


721 STANDARD UNITS! 


Running Time Meters 
| | Ti 

Wie hove 20 years of experience in developing new 
timers to meet our customers widely varying require 
ments. Our Engineering Department not only originates 
new designs, but also develops modifications for that 
purpose. That's why most requests for special timers can 
be filled without delay—by one of the 721 combinations 
we've developed so far from our 17 basic types of 
timers. But if we don't have what you want on hand, 


we'll welcome the chance to design and moke it for 
you! And quickly too! 


the Pulse Beat of Industry 
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Time Delay Timers 


Re-Cycling Timers | 


| 
| 
loan?’ 
+30 


ier 


—— eS — 


We manufacture a compleie line of timers in these 
4 broad classifications 


INTERVAL TIMERS • TIME DELAY TIMERS 
RE-CYCLING TIMERS + RUNNING TIME METERS 


Our large stock assures you of rapid deliveries—even 
when we have to create a brand new timer for your 
special needs. Ask us first—you may save yourself much 


lost motion... and your inquiry will receive prompt 
attention. 


INDUSTRIAL TIMER CORPORATION 


1423 McCARTER HIGHWAY, NEWARK 4, NEW JERSEY 





THESE HAYDON MINIATURE, 
SUB-MINIATURE ano HERMETICALLY 
SEALED PRECISION SWITCHES ARE SHOWN 


... and they’re unbeatable for rugged dependability 


especially under environmental extremes! 


One piece heavy duty, patented, beryllium copper switch 
blade with fine silver contacts welded in position, offers 
| excellent electrical and thermal conductivity. To help with 
your problems, a complete engineering staff is ready to 
design and construct any type of custom switch to your 
specifications. Haydon Switches . . . known for rugged life 
under environmental extremes. 

Hermetically sealed 

switches for: 


AIRCRAFT 


Landing gear up 
lock-down lock 
Propeller release se- 
lection and indication 
Gun turret limit 
Guided missiles 


COMMERCIAL 
Auditing systems 
Marine equipment 
Washing machines 
Vending machines 


INDUSTRIAL 


Railroad signalling 
Refrigeration equipment 
Telephone and traffic control 
Fire fighting devices 


CUSTOM DESIGNED FOR 
CUSTOM APPLICATIONS 


Custom built design and 
development service available 
for minature and sub-miniature 
hermetically sealed switches. 


SEND TODAY for completely NEW catalog 
with full data and specifications. 


INCORPORATED 


E S 
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International Rectifiers 
SELENIUM : GERMANIUM —: SILICON 


SUB-MINIATURE SELENIUM DIODES 


Developed for use in limited space at ambi- 
ent temperatures ranging from —50°C to 
+100°C. Encapsulated to resist adverse 
environmental conditions. Output voltages 
from 20 to 160 volts; output currents of 100 
microamperes to 11 MA. Bulletin SD-18 


HIGH VOLTAGE CARTRIDGE RECTIFIERS 


Designed for long life and reliability in Half- 
Wave, Voltage Doubler, Bridge, Center-Tap 
Circuits, and 3-Phase Circuit Types. Phenolic 
Cartridge and Hermetically Sealed types 
available. Operating temperature range: 
—65°C to +100°C, Specify Bulletin H-2 


SELENIUM POWER RECTIFIERS 


For all DC power needs from microwatts 
to kilowatts. Features: long life; compact, 
light weight and low initial cost. Ratings: 
to 250 KW, 50 ma to 2,300 amperes and 
up. 6 volts to 30,000 volts and up. Efficiency 
to 87%. Power factor to 95%. Bulletin C-349 


a world of difference 


through research! 


WORLD'S 
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LARGEST SUPPLIER OF 


GERMANIUM DIODES 


This series of general purpose, high quality 
point contact diodes provide excellent 
rectification efficiency for very high fre- 
quency applications. Special “RED DOT" 
series available for ambient temperatures 


from —55° C to +100° C. Bulletin GD-2 


TV AND RADIO RECTIFIERS 


The widest range in the industry! Designed 
for Radio, Television, TV booster, UHF con- 
verter and experimental applications. Input 
ratings from 25 to 195 volts AC and up. DC 
output current 10 to 1,200 MA. Write for 
application information. Bulletin ER-178-A 


GERMANIUM POWER RECTIFIERS 


3 Styles featuring efficiency to 97%, low 
forward drop, high reverse to forward cur- 
rent ratio, unlimited life. Ratings: 26 to 
66AC input v. per junction. 150 to 100,000 
amps DC output. Operating temperature 


range: —55° C to +75° C. Bulletin GPR-1 


SILICON POWER DIODES 


For temperature applications to 150° C, 
these fused junction diodes withstand 
exposure from —55° C to +170° C. Peak 
inverse voltage rating from 50 volts to 
600 volts. Welded, hermetically sealed 
construction. Four types. Bulletin SR-132 


SELENIUM PHOTOCELLS—SUN BATTERIES. 


Self-generating photocells available in 
standard or custom sizes, mounted or un- 
mounted. Optimum load resistance range: 
10 to 10,000 ohms. Output from .2 MA to 
60 MA in ave. sunlight. Ambient tempera- 
ture range: —65°C to + 100°C. Bulletin PC 649 


SILICON POWER RECTIFIERS 


High power- 5 amp to 100 amp- silicon fused 
junction type. Input ratings to 200 PIV. 
Temp. range: up to 150* C case temperature. 
Available in individual diodes or all usual 
power rectifier circuits. Data available on 
models for forced air and liquid cooling. 


Bulletin SPR-1 


For bulletins on products described WRITE ON YOUR LETTERHEAD 
tO Our PRODUCT INFORMATION DEPARTMENT 


International Rectifier 


c 


EXECUTIVE OFFICES 


о 


1521 E 


R P o 


GRAND AVE., 


1956 


R 


EL SEGUNDO, 


INDUSTRIAL 


e T I o 


CALIFORNIA * 


N 


PHONE OREGON 83-6281 


RECTIFIERS 


{97 
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ТЕЅТЕр 


BAR TO GROUND 


Nippert Commutators 
meet every test for 
quality performance 


Each Nippert Commutator is 
given a thorough inspection before 
shipment. An electrical testing 
machine, which can be set for any 
required voltage, simultaneously tests 
for bar to ground and bar to bar 


leak ige 


No detail is spared to assure that 
every Nippert commutator will meet 
all the requirements of voltage and 


temperature for which it is designed. 


т МІРРЕВТ 


Electric Products Co. 


e BRoodway 4 


Catalogs and Bulletins continued 


(U-110) SPEED CONTROL PACKAGES 

Bulletin 51-B8166, 8 pp, describes 
package drives for speed control of 
machine tools and other equipment re- 
quiring accurately variable speed over 
a wide range. The drive, available in 
five cabinet sizes with drive motor 
range 5 to 150 hp, features magnetic 
amplifier generator field control. Allis- 
Chalmers Mfg. Co, 1002 S. 70 St, 
Milwaukee, Wis. 


(U-111) SOLENOID VALVES— Bulle 
tin, 6 pp, contains information on 
proper selection, features, coil con 
struction, lift ratings, coil frequencies 
and liquid capacity. A-P Controls 
( orp., 2450 N. 32 St., Milwaukee, Wis 


(U-112) SOLENOID VALVES 
101, 4 pp, includes drawings and speci 


( atalog 


fications of a floating seal solenoid 
valve. Valcor Engineering Corp., Car 
negie Ave., Kenilworth, N. ] 


(U-113) ELECTRICAL VIBRATORS 
Catalog 11, 8 pp, gives specifications 
and prices and covers silent, eccentric 
weight vibrators and electro-magnetic 
vibrators. Cleveland Vibrator Co., 2828 
Clinton Ave., Cleveland 13, Ohio 


(U-114) PILOTED-OPERATED VALVES 

Bulletin SK-356, 6 pp, describes 
operation, uses, optional features of 
single and double solenoid valves. Val 
vair Corp., 454 Morgan Ave., Akron 


11, Ohio 


(U-115) ELECTRICALLY OPERATED 
VALVE - pp, has flow 
charts and description of valve for con 
trolling large flow volume. Hays Mfg 
Co., W. 12 St., Erie, Pa. 


Brochure, 


(U-116) Two-WaAy SOLENOID VALVE 

-Bulletin V5006, 2 pp, describes 1 in 
valve, constructed to handle corrosive 
fluids and gases. Automatic Switch Co., 
391 Lakeside Ave., Orange, N. J. 


(U-117) AUTOMATIC INDUSTRIAL 
CONTROLS—Catalog, 43 pp, includes 
temperature, level, pressure and flow 
controls. General Controls Co., 801 
Allen Ave., Glendale 1, Calif. 


(U-118) SOLENOID VALVES— Bulletin 
V5003, 2 pp, has flow diagrams of both 
single and dual solenoid valves. Dimen- 
sions and list prices are also given 
Automatic Switch Co., 391 Lakeside 
Ave., Orange, N. J 


Special and Standard 


POLLAK 
CONTROLS 


Accurate, Dependable, Long Life 


Nearly 50 years of experi- 
ence in specialized design 
and production of precision 
components.... 


RELAYS 


COAXIAL 

COMMUNICATIONS 

COMPUTER, POWER CIRCUIT 

HIGH VOLTAGE 

MINIATURE 

MINIATURE HERMETICALLY SEALED 
PULSE 


SOLENOIDS 


MINIATURE 

PLUNGERS FOR PUSH OR PULL 
300 CUSTOM TYPES FROM 
20 STANDARD PARTS 

DOUBLE ACTING 


SWITCHES 


IMPULSE 
MOMENTARY 

PUSH PULL 
ROTARY SELECTOR 
TOGGLE 


HELP 
NEERS CAN 
OUR E YOUR — a 
Take advantage of POL y" е 
É ineering design serv » a 
faci -trained engineers s у 
еи help you solve difficu m 
C to itching and electrical € 
y, 9 


WE INVITE YOUR INQUIRY 


JOSEPH POLLAK 
| CORPORATION | 


DEPT. PD 


75-95 Freeport Street 
Boston 22, Mass. 
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YOUR ONE BEST 
SOURCE FOR ALL 


RELAYS 


Here are only five of the more than 40 basic 
P & B relays. Each of the 40 can be modified in a 
wide variety of ways. This means there is a P & B 


relay for nearly every conceivable application. 
Custom modification of relays to exact specifica- 
tion is a P & B specialty —thus you have one 
dependable source for ALL your relay needs. 

P & B offers you: 


1. PROVEN DESIGN. Twenty-five years of 
relay experience. 


2. LOW COST. Modern engineering, produc- 
tion and testing methods keep cost down. 


3. FAST DELIVERY. Many basic relay models 
are shipped from stock. 


New Engineering Guide Catalog 


Available. Write to 
B 


= 


РАВ 


Ports 


Subsidiary of AMERICAN MACHINE & FOUNDRY 


Standard Relays available at Electronics 


Distributors in all principal cities 
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SM SERIES — ) 


(In both voltage and current actu- 
ated models.) (Sensitivity 75 M.W. 
for current actuated models.) Med- 
ium cost, light weight, hermetically 
sealed relay for light contact load 
application. Size: ?4" diameter 
PM" high (above standard 7-pin 
miniature tube socket). 


4 КР SERIES 


Versatile, multi-contact orrange- 
ments. Enclosed in polystyrene dust 
cover. Contacts: rated 5 amperes. 
Dimensions: PX,” x PX” x 2" 
high (above standard 8 or 11 pin 
octal style socket.) Weight: 3 oz. 


R) 


MH SERIES = > 


Extremely fast acting and long life. 
DC models available up to 10 g— 
500 cps vibration and 30 g shock. 
Available 4 form C contacts and 
variety of mtg. arrangements. 
Maximum size 154" x 743" x IN," 
high. 


4 PR SERIES 


Heavy duty relay with screw ter- 
minal for all industrial control 
applications. All AC models can 
carry UL label. Size: 2/5" wide x 
3%" long x 24,". Mounting: Two 
holes X," dia. on 1% centers. 
Contacts: Capacity, 15 amperes 
single break and 20 amps double 
break. 


PRINCETON, INDIANA | MLC. 


COMPANY 


KA SERIES => 


A small, low cost, highly efficient 
general purpose relay with 5 amp. 
silver contacts. Can be insulated to 
meet UL requirements. Size: 1*4, 
x 75" x I$". Mounting: One 
No. 6/32 stud and locating tab. 





...about Buying 
Design Breadboards 


When you purchase 
prime considerations should be flexibility 
ease of assembly, precision and price 

You get more flexibili easier, quicker 
assembly, higher precision, and greater 
lollar with Servoboard 
al assembly kits than with 
| on the market 
tandard precision 

couplings, et« 
parts than 

Only the 


a breadboard, the 


value tor your 
electro-mechank 
any other breadboar 
There are over 250 
parts (hangers, clutche 
in the Servoboard line 
in any other breadboard array 
Servoboard kits offer such « 
cision parts as: 4 different 
calibrated inertia load dis 
only Servoboard offei у lete E 
of spur and pinion gear апа only 
Servoboard offers you 14 pre-bored hanger 
which accept over 150 standard electronic 
servo components. With Servoboard, you 
have the kind of flexibility to mock-up 
and test any type o 
that 
electrical 


more 


xclusive pre 
adapter gear 
pulse 


servosystem or com 
ponent requires a combination of 
and mechanical part 
The rigid, tapped mounting 
one of many Servoboard exclusives. You 
get maximum ease and speed of assembly 
because the tapped board lets you assem 
ble components at any angle, from the top 
where you can see what you are doing 
Here's another Servoboard bonus. In 
addition to breadboarding pilot models 
Servoboard precision parts also serve as 
permanent, integral components of a sys 
tem or instrument. When a system de 
sign has been mocked-up and tested with 
Servoboard, you can place your order with 
us for production quantities of the same 
Servoboard parts tested and proven on the 
prototype components will per 
fectly match design specifications for the 
production run of the new system 
Send now for copy of the new 
Servoboard technical data brochure and 
price list. Just fill in your name and title 
in the section below and mail it to me 


Жубу 


Manager of 
Engineering 
Services 


— 


These 


your 


Control Sy 
and Componen 
for Industry by 


! SERVO 


| CORPORATION 
OF AMERICA 


Lloyd Knight, Dept, <-17 
Servo Corporation of America 
20-20 Jericho Tpke., New Hyde 


send me more 


Park, L.1., N.Y 


Please information on 
Servoboard 
Name 


Title 
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Worlds Smallest’ 


Mercury Plunger-Type Relay 
EBERT'S NEW MINIRELAY 


Proven in Use For All Loads Up to 20 Amps 


Hermetically Millions of 
Sealed 
Explosion-Proof! 


No Sparks! 


Trouble-Free 
"Makes & 


Breaks" 


Forget it 
once it's Competitively 


Installed! Low Priced 


35 Millisecond 
Fast Action! 


installs in 
one minute! 


LC 2° tia 1-974" W a 1-1/2" E 
20 AMPS/115 V. AC * 10 AMPS/230 V. AC * 6.5 AMPS/ 
120 V. DC * 3.5 AMPS/220 V. DC * 1.5 Hp./115, 230 or 
440 V. AC * V3 Hp./120 and 220 V. DC 
Available normally open or normally closed, SPST 


FREE fact file-Write today 


EBERT ELECTRONICS CORP. 


212-27 Jamaica Ave., Queens Village 28, N. Y. 


MINI-JOINTS* provide greater 


freedom in instrument design... . 
(*Miniature Universal Joints with Zero backlash) 


Features 





Zero backlash 

Maximum operating angle of 30° 
Lightweight 

Sealed-in Lubrication 


DIMENSIONS 
| (D | 


SOLID | 3/16 


PART NO. 
SBS 


OD | 


0938 


125 


Sealed in lubricant 


4BS 
5BS 
6BS 


(Also available as double joints) 


APPLICATIONS 


Typ.cal applications which 
include: small synchros, resolvers, sub-fractional 
H.P. motors, mechanical indicator repeators, po 
tentiometers, phase sifters and similar control and 
instrumentation systems 


Welded ball assembly 
recommend themselves 


Send for further information 
available promptly on request 


| Sn eR RR ERIS SNARES A” GP RAH ECT EN AIL AR a LEM bed 


FALCON MACHINE & TOOL CO., INC. 


209 CONCORD TURNPIKE, CAMBRIDGE 40, MASS. 
pM REESE REM RE 
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Catalogs and Bulletins continued 


(U-119) INDUCTION Motror—Bulle- 
tin, 2 pp, covers a miniature, sub-frac- 
tional, 400-cps induction motor. 
Dalmotor Co, 1362 Clay St, Santa 
Clara, Calif. 


(U-120) ELECTRIC MorOoRS— Catalog 
106, 29 pp, contains information on 
a-c motors. Louis Allis Co, 427 E 
Stewart St., Milwaukee 7, Wis 


(U-121) SOLENOID VALVES—Catalog, 
20 pp, describes line of electrically 
controlled magnetic valves. Magnatrol 
Valve Corp., Hawthorne, N. J. 


(U-122) ELECTRIC MoToRs— Bulletin 
SDA-155, 8 pp, describes line of 4 to 
30 hp, single-phase, polyphase and d-c 
motors. Peerless Electric Co., W. Mar 
ket St., Warren, Ohio. 


(U-123) FLOW-CONTROL SWITCH 
Brochure 20, 12 pp, contains flow 
charts, wiring diagrams. Dept. 417 
Hays Mfg. Co., W. 12 St., Erie, Pa 


(U-124) ELECTRIC COUNTERS—Bul- 
letin ECS 44, 4 pp, describes counters 
designed for 200 million count life, 
tested at 1000 counts per min. Produc- 
tion Instrument Co., 702-10 W. Jack- 
son Blvd., Chicago 6, Ill. 


(U-125) RUGGEDIZED INSTRUMENTS 
—Catalog A38B, 11 pp, illustrates and 
describes line of ruggedized and sealed 
panel instruments in 144, 244, 34 and 
415 іп. sizes, a-c, d-c, RF and thermo, 
in both commercial and military types. 
Weston Electrical Instrument Corp., 


Newark 5, N. J. 


(U-126) PANEL METERS — Bulletin 
G-9, 7 pp, lists various types of meters 
and also shows some indicating pyrom- 
eters. Assembly Products, Inc., Chester- 


land, Ohio. 


(U-127) POTENTIOMETER — Data 
sheet 54-11 describes potentiometer 
with linearity as fine as +0.075 per 
cent. Construction, specifications, coil 
characteristics and available modifica- 
tions are given. Helipot Corp., 916 


The Lundey Line Is Expanding! 


More and more, Lundey engineering facilities and 
technical know-how are reaching out to help solve 
specific hermetic sealing problems in the industry. 


The result is o rapidly 
expanding line of . . 





HERMETIC 
TERMINALS 


CONFINED GASKET TYPE eramk 

г silicone) compression type of hermetic tern 
covering a wide range of voltages 

Available with modificat 


quiring unu high torq 


New SOLDER-SEAL MODIFICATION 
tandard line ex ept the bottom ceran 


^ netallized areas f the 


199 SERIES 

shells and 

available 

applications where maximum savings 
and inside clearances are 

may be mounted on a 


Alternate color available for 


New METALLIZED ALUMINA TERMINALS* — 
combining the excellent thermal and physical shock 
resistant characteristics of alumina bodies with. a 
choice of two types of metallizing (reduced metal 
oxide type), these terminals withstand a wide range 
of operating temperatures 80°F to +-1500°F 
voltages; amperages; etc. Available for either soft 
or hard soldering. Special designs will be engineered 
for particular problems. 


New MICRO-DIS SERIES — a group 
non. hermetic terminal assemble 
teflon insulator and a brass stud 

a stand-off or feed-through term 
Jesigned for high frequency 

Good for temperature range of 


Extremely simple to install. 


*Lundey Ass ates are National Sales Repre- 
entatives for Frenchtown Porcelain Co., the 
nanufacturer 


LUNDE Y 


Meridian Ave., S. Pasadena, Calif. 


(U-128) TRANSDUCERS — Bulletin 
KCE-491, 4 pp, describes and illus- 


trates method of evaluating transducers 694 MAIN STREET 


WALTHAM 54 
MASSACHUSETTS 


for absolute linearity, sensitivity, phase 
and frequency characteristics. Crescent 
Engineering & Research Co. 11632 


McBean St., El Monte, Calif. 
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Heyco Nylon Strain Relief 
Bushings eliminate wire 
knots and grommets and 
insulate wire from housing. 


There is a Heyco size and type for all size wires. In 
addition to their full approval by both Underwriters' 
Laboratories and Canadian Standards Association, 
Heycos increase product life and enhance product 
appearance. If you are not already using cost-reducing 
Heycos send for test samples to fit your wires, today. 


I-Slip over wire 
2-Snap into hole 


Approved 
Se 


HEYMAN MANUFACTURING COMPANY 


KENILWORTH 13 NEW JERSEY 


Es (bg 
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FOR DOUBLE PROTECTION 
USE APPROVED HEYCO 
STRAIN RELIEF BUSHINGS 


Send wire sizes for free 


samples and specifications. 


Called "TOPS" By Every User! 


exes. мам 


ELECTRIC TUBULAR 
HEATING ELEMENTS 


* TOP PERFORMERS 
* TOP QUALITY 
* TOP WORKMANSHIP 
at LOW COST TO YOU! 


Built for application wherever space limitations, 
long life, fast heat and high efficiency are factors 
in design 

Millions are now in use as standard equipment in 
America's leading nationally advertised electrical 
appliances 

Available in copper, cold rolled steel and acid 
resisti ing steel alloy in standard sheath diameters tor 
casting-in or immersion use. When writing, specify 
use, wattage and maximum temperature require- 
ments. An inquiry, NOW, will prove profitable to 
you! 


STILL-MAN MANUFACTURING CORP. 
431 EAST 164 ST., NEW YORK 56, N.Y. 


FREE SELECTION CHART 


AGASTAT 


time delay 


relays 


Now you can select exactly the right Agastat time delay relay 
for your particular timing need—in a hurry. This free selec 
tion chart lists data on every popular model in the Agastat 
line—the most complete line of pneumatic time delay relays 
in the industry. They're adjustable for timing from 0.1 second 
to 10 or more minutes, unaffected by voltage variation, dust 
proof, light, and mountable in any position. And there's an 
Agastat model to precisely fit your requirements, including 
two-step, electrical interlock and double head units. A glance 
at the free selection chart tells you which model to order. 


Write for your free copy to Dept. A26-1028 
Elastic Stop Nut Corporation 
of America 


DIVISION 1027 Newark Avenue, Elizabeth, New Jersey 


Pioneers in pneumatic timing. 
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USE TIME-SAVING 
COUPONS BELOW 


. .. fo request further information on 


all products advertised in this Digest Section 


. . . fo request your copies of product catalogs 


and bulletins listed and described in this section 


( you will find similar coupons at the end of each Digest Section ) 


Consult the Product Index begin- If you have specific questions to ask about any 
ning on page 12, when you want product advertised, a letter direct to the manu- 
all available information on a facturer, at the address given in his advertise- 
particular type of product; this ment, will be welcome. For clarity and prompt 
Product Index is your guide to all service, include reference to PRODUCT ENGI- 
advertisements in this Design Di- NEERING's Product Design Digest Issue, and 
gest Issue by manufacturers of page number of the advertisement prompting 
this type of product. your letter. 


Circle these numbers for further information about Circle these numbers for further information about 
advertisers appearing in this section advertisers appearing in this section 


136 137-9 140-1 142-3 144 145 146 147 148 136 137-9 140-1 142-3 144 145 146 147 148 
149 150 151 152 153 154 155 156 157 149 150 151 152 153 154 155 156 157 
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187 1.88 1888 189 ІТІ.90 181.90 ITR90 191 193 187 1188 1888 189 ITL901BL90 ITR90 191 193 
10.94 1894 195 11.96 18996 197 11.98 1898 199 11.94 1894 195 11.96 1996 197 11,98 1898 199 
!Т1.100 181.100 18100 1101 11102 1ТК102 188102 171100 181.100 18100 1101 11102 ITR102 IBR102 


Circle these numbers for your copy of bulletins Circle these numbers for your copy of bulletins 
listed in this section listed in this section 
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СОМРАМҮ COMPANY 
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NEW BOOKS 
Hydraulic & Pneumatic Equipment 


Pipe Friction Manual. Hydraulic 
Institute. 8V5 x 11 in., paper-bound, 
87 pp. Published by Hydraulic In- 
stitute, 122 E. 42 St., New York 17, 
N. Y. $1.75. 


Material in this manual is an exten- 
sion and rearrangement of the pipe 
friction data contained in an earlier 
publication entitled “Tentative Stand- 
ards of the Hydraulic Institute—Pipe 
Friction.” The data are based on infor- 
mation derived from twenty-two listed 
references. 

Included are: tables of friction loss 
for water in feet per 100 ft of wrought 
iron, steel and cast iron pipe in sizes 
from V$ to 84 in. dia; resistance coeffi- 
cients for pipe bends, valves and fit- 
tings; graphs of friction loss for in- 
compressible flow of viscous fluids for 
pipe sizes from 1^ through 12 in.; vis- 
cosity index of various fluids; viscosity 
conversion tables; and sample compu- 
tations of various flow circuits. Basic 
pipe friction and viscosity formulas are 
given on the basis of construction of 
the various charts and tables. 


Hydraulic and Pneumatic Power 
for Production by Harry L. Stewart, 
6 x 9 in., 416 pp. Publisbed by In- 
dustrial Press, 93 Worth St., New 
York 13, N. Y. $8.50. 


With the increasing use of hydraulic 
and pneumatic actuation there has 
been a growing need for a good gen- 
eral reference book on the subject. 

Of particular value is the careful 
coverage of the components that make 
up air and hydraulic systems (pumps, 
valves, cylinders), including a list of 
likely operational troubles and their 
correction. Each component is shown 
in operation in a typical circuit and 
the sequence of actuation and control 
completely described. 

Properties of hydraulic fluids of pe- 
troleum and synthetic types are cov- 
ered, including some difficulties and 
remedies in their use. Succeeding 
chapters cover hydraulic pumps, filters, 
accumulators, pipes, valves, cylinders, 
motors and heat exchangers. One valu- 
able chapter describes various methods 
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of cylinder synchronization and an- 
other covers safety control circuits. An 
extensive chapter on packings and seals 
covers materials (leather and synthetic) 
as well as many of the shapes and 
forms of seal design. 

In a similar way, air filters, lubrica- 
tors, regulators, controls and cylinders 
are described. Additional chapters are 
devoted to pneumatic safety circuits, 
remote control pneumatic systems, and 
various types of air-operated holding 
devices. 


Waterhammer Analysis by Jobn 
Parmakian, Head, Tech. Engrg. 
Analysis Sec., Design Div., Bureau 
of Reclamation, Denver, Colo. 6 x 9 
in., 161 pp. Published by Prentice- 
Hall, Inc., 70 5th Ave., New York 
11, N. Y. $6.50. 


The author has organized much of 
the material published during the last 
25 years into a useful introduction to 
the field of pressure surges in pipe 
lines. The theories of rigid and elastic 
water columns are derived and a graph- 
ical method offered which simplifies 
the laborious computation involved in 
the solution of waterhammer prob- 
lems. Most of the subsequent discus- 
sion is based on this graphical method 
of solution. 

In a series of short chapters devoted 
to specific pipe configurations the au- 
thor discusses pressure wave reflection 
caused by gate closure and opening, 
waterhammer in pump discharge lines 
and compound pipes, and the effects 
of surge tanks and air chambers in 
hydraulic lines. 


Standards of the Hydraulic Insti- 
tute. 814 x 11 in., 234 pp. Published 
by Hydraulic Institute, 122 E. 42 
St., New York 17, N. Y. $4.75. 


This tenth edition constitutes a com- 
plete revision and rearrangement of 
the format and the engineering data 
contained in earlier editions. Publica- 
tion culminates over two years of in- 
tensive engineering study and research 
to insure that the contents constitute 


the most up-to-date consensus of out- 
standing hydraulic pump engineers. 

The first section contains general in- 
formation about the Institute and a 
brief history of the series of publica- 
tions preceding this tenth edition. 

Three sections are devoted, respec- 
tively, to the basic: types of pumps, 
centrifugal, rotary and reciprocating. 
Each of these sections is arranged in a 
uniform manner to cover the classifica- 
tion, nomenclature, application, rating, 
testing and instructions for installa- 
tion, operation and maintenance. Of 
special interest is the addition to the 
centrifugal pump section of a com- 
prehensive listing of part names and 
definitions. Over 120 part names are 
included, covering the parts of double 
suction, multistage, end suction, close- 
coupled and axial flow pumps for both 
horizontal and vertical arrangements. 
Typical sectional drawings of these 
pump types are used to illustrate the 
nomenclature. 

A fifth section is devoted to infor- 
mation on friction loss for water and 
for viscous liquids in pipes, valves and 
fittings; friction loss for paper stock 
in cast iron pipe; data on pipe dimen- 
sions; properties of water; viscosity of 
common liquids; together with a dis- 
cussion and recommendations on ma- 
terials of construction for pumping 
various liquids. The friction loss tables 
have been arranged for simplicity and 
convenience; specific examples are pro- 
vided to show how they are used. 


ASTM Viscosity Index. 642 x 91 
in., 826 pp. Published by the Amer- 
ican Society for Testing Materials, 
1916 Race St., Philadelphia 3, Pa. 
$8.; Members—$6. 


These tables permit direct reading 
of the viscosity index of a petroleum 
product or lubricant if its kinematic 
viscosities at 100 and 210 F are known. 
This eliminates lengthy calculations. 

The viscosity index is an empirical 
number that indicates the effect of 
change of temperature on the viscosity 
of an oil. A low viscosity index signi- 
fies relatively large change of viscosity 
with temperature. 
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Hydraulic 


and Pneumatic 


Equipment 


Liquid Proportioning by Volumetric Devices by Lawrence Lowy 


Reynolds Number Chart by George Loweke 


Design of Pneumatic Relay Circuits by Robert D. Cowherd 


Quick Disconnects and Self-Sealing Couplings for Fluid Applications 


Gaskets for Raised Face Flanges 


Fundamentals of Pneumatic Control by R. Cooper 


Nomograms Relating to Hydraulic, Pneumatic and Electrical Energy by A. E. Maine 


Piston Travel Time Chart 


Types of Hydraulic Accumulators by A. F. Welsh. 


Theoretical Capacity of Gear Pumps and Motors by A. E. Maine 


General 
Engineering 


Metals and 
Alloys 


ьар 


Nonmetallic 
Materials and 
Finishes 


Fabrication 
and Production 
Processes 


Power 
Transmission 


Mechanical 
Parts and Design 
Analysis 





Fastening 
and Joining 


Bleue 


Motors, Engines 
and Controls 


Electrical 
and Electronic 
Components 


Hydraulic 
and Pneumatic J 
Equipment 





DEVICE 


z- 


Table 1—Volumetric Devices—Area-Differential Meters 


OPERATING PRINCIPLE 


Restricted throat (venturi tube, 
orifice plate, flow nozzle, flow 
tube) and indicating element (man- 
ometer). Drop across restriction 
produced by changes in flow is 
measured by manometer. 


Vertically-mounted tapered tube 
in which a float travels. Measure 
of flow is the annular space be- 
tween float and wall. Flow is re- 
sisted by float weight, and float 
will assume a position to maintain 
a constant differential. 


Flow rate is measured by position 
of plug with respect to reference 
position in a slotted tube. Plug 
may be spring or weight-loaded to 
produce the desired differential. 


From: Chemical Engineering * Control Engineering 


REMARKS 


Venturi—Low head loss. Short 
length of approach pipe. Suited 
for fluids having suspended solids. 
Orifice—Simple to install, replace. 
High unrecoverable head loss. 
Limited to range for accurate 
measurement. 


Unit self-contained. No moving 
parts. Clear fluid flow clearly ob- 
served. High temperature and 
pressures require armoring. Cor- 
rosion resistant materials may be 
used. Plating out can cause meas- 
ucement errors. 


Similar to above. 


Liquid Proportioning .. . 
By Volumetric Devices 


COST RANGE 


Venturi—Device plus 
transmitter, $600- 
$1200 in sizes up to 8 
in. dia. Orifice—De- 
vice plus transmitter, 
$350-$450 in sizes up 
to 8 in. dia. 


Device plus transmit- 
ter, $350-$800 in sizes 
up to 4 in. dia. 


Same as for Fig. 2. 


LAWRENCE LOWY 


B-I-F Industries 


AN IMPORTANT CONSIDERATION in 
any continuous process layout is the 
accurate, proportional and dependabk 
feeding of the various ingredients 
Forms in which materials are fed in 
a continuous process will vary from 
bone dry through the slurry stage to 
liquids and even the gaseous statc 
The term 


liquid feeder" covers a 


considerable proportion of the ma 
terials that are met in a continuous 
process operation. Liquids in a con 
tinuous process range from a true 
solution to a slurry or dispersion of 
solids in a liquid. The slurry may re- 
quire a mechanical agitation to main- 
tain the suspension, or it may have 
such a high ratio of solids to liquids 


that it can almost be classed as a solid 


J2 


The necessity for minimizing han- 
dling of materials is of prime import- 
ance in continuous process Operation 
In this connection, metering and feed 
ing of liquids can be combined in onc 
operation or can be handled separately 
and tied together by a feedback cycle 

Two methods of measurement aré 
possible: (1) gravimetric; and (2) 
volumetric—depending on the degree 
of accuracy desired. Volumetric meas 
urement is susceptible to temperature 
specific gravity, viscosity and other 
factors. Gravimetric measurement de 
pends on the force of gravity and will 
maintain rate settings independent of 
changes in material conditions 

Processes requiring extreme accuracy 
of material proportioning, less than 
plus or minus one per cent by weight, 
are regulated by a gravimetric feed- 


meter devices. Volumetric units will 


maintain good accuracy, plus or minus 
volume, provided 
nearly constant conditions are main- 


one per cent by 


tained in the process 


Volumetric Devices 
Meters and Feeders 


Liquid feeders are devices that quan 
titatively measure and transfer liquids 
from one position to another. If this 
function is carried on by external 
powering, the device is a feeder. If the 
fluid under measurement performs thc 
powering operation of the feeder, it is 
a flow regulator. 

Liquid meters quantitatively meas- 
ure the liquids, and are powered by the 
fluid under measurement. It performs 
no transfer operation, nor exercises any 
Additional equipment may 
make a meter into a flow regulator. 


control 
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DEVICE 


METERS 


Volumetric 


Table II—Volumetric Devices 


OPERATING PRINCIPLE 


Chamber contains inlet and outlet 
ports. Disk or dished plate with a 
ball at the center revolves about a 
vertical plate within chamber. In- 
coming liquid face causes disk to 
wobble. As it moves trapping the 
liquid the inlet port is closed. 
Liquid is released as outlet port 
uncovers. 


Piston or cylinder oscillates ec- 
centrically about a roller. It is 
held in close contact with the 
chamber walls and wobbles about 
it. Cylinder is held at one point by 
a vertical plate which acts as a 
separator between inlet and out- 
let. Entering liquid drives piston 
around guide. Liquid emitted after 
producing one revolution of out- 
put shaft. 


Double of quadruple-acting pis- 
tons are fluid driven. Piston action 
controls slide valve operation for 
controlling admission and expul- 
sion of fluid, and actuates meter 
register drive shaft. 


Extension of two successive vanes 
form a chamber of precise volume. 
For each rotor revolution, four of 
these closed chamber measure- 
ments are produced. 


Four half-moon shaped vanes are 
equally spaced about a centrally- 
mounted hub. Meter is mounted 
vertically and i 3 stream enters to 
drive rotor, it rotates the vane to 
seal off a definite volume between 
it and following vane. 


Two-spiral fluted rotor meter, 
representative of gear or double 
rotor type. Measuring space is 
provided between lobes of the 
rotors. 


devices that can 
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Positive Displacement Meters 


REMARKS 


Inexpensive, easy to construct. 
Suited to metering water and inert 
chemicals containing no suspended 
solids. Hot and corrosive liquids 
are troublesome because of mate- 
rials of construction. 


Clearances between moving ele- 
ment and stationary housing de- 
termines the accuracy. 


If seal between moving parts is 
of capillary type, viscosity and 
degree of clearance determine 
amount of fluid which will slip by 
adjoining sliding parts. As viscos- 
ity increases, slippage decreases. 

Directly-packed sealed types 
(brass liners and leather cups, 
rotary face-to-face valves) seal 
the fluid so no slippage occurs. 
This limits size, complexity and 
friction load. 


Action is smooth and continuous, 
producing no arresting of liquid 
velocity. 


Passing of the vane through the 
close clearance section between 
inlet and outlet positions vane to 
r.ceive the next volume of liquid. 


Close clearances can be main- 
tained and sealed by the capillary 
action of the fluid. 


COST RANGE 


$100-$300 in sizes up 
to C in. dia. 


$100-$700 in sizes up 
to 4 in. dia. 


$100-$600 in sizes 34 
in. and 1 in. dia. 


$100-$1500 in sizes up 
to 8 in. dia 


Same as Fig. 7 


$200-$1500 in sizes up 
to 8 in. dia. 


tics, the fixed cross-sectional area meter A fixed differential head meter is 


be classified as meters are based on the 
principles of area-differential, positive 
displacement and velocity measure 
ment 

Area-differential units may be of 
three types as shown in Table I. Ac- 
cording to special design characteris 
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may be a venturi tube, orifice plate, 
flow nozzle or flow tube, Fig. 1. Each, 
however, has the basic element—re- 
stricted throat and indicating element 
for establishing differential head. A 
square root function must be extracted 
for conversion to flow rate 


1956 


used in the rotameter design, Fig. 2 
The tapered tube is calibrated so that 
reading the bob position directly indi- 
cates flow rate 

The slotted tube area meter, Fig. 3, 
relies on plug movement to attain the 
desired differential constant. Its mo 
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DEVICE 


DEVICE 


Table III—Volumetric Devices—V elocity Meters 


OPERATING PRINCIPLE 


Propeller (less than 549 pipe dia) 
is concentrically mounted to the 
longitudinal pipe axis. Speed of 
rotation directly proportional to 
flow, is transmitted through re- 
duction gearing driving into an 
integrator-register. 


Propeller shaft has permanent 
magnet within nonmagnetic hous- 
ing. Rotor, spinning at a rate pro- 
portional to flow, sets up an a-c 
voltage in an outside pickup coil. 
Induced voltage frequency varies 
directly with rotor speed. Con- 
verter delivers d-c voltage pro- 


portional to established frequency. 


Liquid containing electrically 
charged particles when moved 
through a magnetic field sets up 
an electric potential difference at 
right angles to the field and direc- 
tion of movement. 


Two bear: transmit their energy 
across the pipe stream in opposite 
directions. Pulses of energy from 
the two loops, integrated and 
mixed, appear as a beat frequency 
on the output. Beams are trans- 
mitted in bursts, and spaced ac- 
cording to speed of sound through 
the liquid. 


Table IV—Volumetric Devices 


OPERATING PRINCIPLE 


INFERENTIAL — Orifice and 
downstream head are held con- 
stant. Differential is varied by 
moving a wier or overflow device 
to increase or decrease the head 
on the upstream side of the orifice. 


PADDLE WHEEL—Rotary dip- 
per wheel can be driven at vari- 
able speed for rate adjustment. It 
transfers the liquid over a baffle 
and into the discharge section for 
gravity feed. 


POT FEEDERS—Pressure taps 
from pot to an orifice plate pro- 
vide a high pressure on the up- 
stream side and a lower pressure 
of downstream side. Resulting 
main line flow through pot will 
carry chemical in solution to the 
main line in proportion to flow. 


REMARKS 


Simple design and ease of installa- 
tion for large pipelines. Self-con- 
tained metering element. Low 
pressure drop. Volumetric accu- 
racy of +2 per cent over a 10:1 


pressure losses, a venturi rotor 
shape established upstream thrust 
components which exceed down- 
stream drag factor. Temperature 
up to 1200 F can be handled. Ac- 
curacy of +% per cent. 


No pressure loss. No viscosity or 
density effects. Linear calibration. 


Light-weight. All-electrical oper- 
ation. Accuracy is given as 2 per 
cent of full scale for a 20:1 range. 


Feeders 


REMARKS 


Susceptible to errors caused by 
buildup or restrictions. Discrep- 
ancies in level caused by inaccu- 
racies of level-setting devices, 
temperature, viscosity. Generally, 
devices applicable to atmospheric 
or low-head feeding. 


Simple device. Few moving parts 
lend designs of this type to special 
coatings or materials for corro- 
sion resistance. 


Accuracy is poor since chemicals 
of constant solubility are not 
prevalent. Feed rate cannot be 
high or excessive feeder size is 
needed. Corrosion or buildup on 
the orifice or regulating valve will 
cause errors in the differential 
produced. 


COST RANGE 


$200-$500 in sizes up 
to 8 in. dia; add $200 
for pilot valve. 


$300-$1500. 


Device plus instru- 
ment containing pow- 
er supply, $1500 up 
to 4 in. dia. 


| $500-$2500. 


COST RANGE 


$100-$500. 


| $500-$2000. 


$100-$250. 
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Table V—Volumetric Devices—Positive Displacement Feeders 


DEVICE OPERATING PRINCIPLE REMARKS COST RANGE 


$200-$1500. Higher 
| prices for extremely 
| high discharge head. 


Pulsating flow unless two or more 
pumps are mounted on a common 
base plate with discharge strokes 
exactly out of step. Suitable for 
any liquid by changing material 
of construction. Stroke rate or 
length may be remotely varied 
producing capacity adjustment to 
variation in flow, pH, viscosity. 


integral gear head or separate 
speed reducer which operates a 
crank. A crankarm—through the 
crosshead — produces _ reciprocat- 
ing movement of the reagent 
plunger. In the reagent cylinder a 
metered volume is drawn by suc- 
tion. 


(o 


й Fig.!7 


Pump is motor driven through : 


[$200-$500. Higher 
| prices for extremely 
| high discharge heads. 


Diaphragm acts as a gasket and 
tightly seals the reagent cylinder. 
Diaphragms made from neoprene 
or rubber, but plastics and metal 
alloys now are being used. 


Ratio of total displacement vol- 
ume to clearance volume constant 
for all settings when using air. 
Hydraulic unit unaffected by slow 
speeds. At high speeds fluid vis- 
cosity need be considered as time 
is needed to fill cylinder on suc- 
tion before discharging. 


Diaphragm creates a suction 
drawins; in a metered volume of 
flow based on piston stroke. Re- 
versal of piston forces the me- 
tered volume to outlet. 


Reagent plunger is operated by $500-$2000. 
direct connection to the pneu- 
matic or hydraulic drive. Drive is 
pilot valve actuated in proportion 
to main line flow or in response to 


some other process variable. 


Small, high-accuracy feeding. 
Feed in cc per hour. Capacities 
designed for 4 hr or more. May be 
dual-mounted for continuous op- 
eration. 


Plunger within a cylinder is re- | $1500-$2500 
tracted and fluid to be metered 
fills the chamber. Suction is closed 
off and discharge opened. Geared- 


down drive moves piston at a con- 


stant rate. 


поп produces more or less slot open- 
ing, thus adjusting to the necessary 
cross-sectional area opening to main- 
tain a constant head. Special sensing, 
and attach- 
ments provide for remote totalizing, 
indicating and recording of these rates 
—as well as electrical, pneumatic or 
hydraulic signals for control 

Accuracy of area-differential meters 
can range from excellent to poor de- 
pending on flow rate. Normally, the 
accuracy is defined as a per cent of the 
total scale of the instrument. This may 
be misleading since a poor value may 
result at the lower end of the scale 
There are instruments rated for accu- 
racy as a per cent of the instantaneous 
rate, which will give a better over-all 
accuracy. 

Positive displacement meters are 
designed as total-quantity measuring 
devices. Principle of operation is tem- 
porary isolation of measured volumes 
The flowing stream is divided into 
equal volumetric segments in passing 
through the meter—and a count is 
made of each segment. 

Some energy is required in breaking 
up the flow and in producing a rotary 
output. This manifests itself as pres- 


conversion transmitting 


sure drop which is higher than that 
found in equivalent area-differential 
meters. Hence, the improved accuracy 
of positive displacement meters is at a 
sacrifice of greater pressure drop. 

Many types are available, Table II, 
where a measured volume is trapped, 
transferred, and discharged. Advan- 
tages for any one type depend upon 
the type of liquid, lubricity, flow, 
range, pressure conditions, length of 
operation, desired life, pressure loss, 
size, weight, complexity and cost. 

Most common unit is the wobble 
plate meter, Fig. 4. It is inexpensive, 
and simple in construction. Rotating 
disk drives through a step-down gear 
mechanism and into an integrator to 
register total flow for control purposes. 
An electric contactor can be mounted 
in the spindle housing to transmit an 
electric pulse for each revolution, or a 
balanced pilot valve can be driven by 
spindle rotation to alternately feed 
operating fluid to the drive end of a 
feed device. Oscillating piston, Fig. 5, 
the disk Piston 
meter, Fig. 6, actually uses pistons in 
the normal way 

Vane type meters use evenly spaced 
vanes in the periphery of a rotor. 


is similar to meter 
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These rotate about a fixed cam as fluid 
moves through the measuring chamber. 
A roller at the base of each vane rides 
the cam and follows its contour about 
the cycle. The vanes are guided radi- 
ally. Table II lists three types, Figs. 7, 
8 and 9, of vane meters. 

Velocity meters are used to obtain 
velocity values of a moving stream 
directly, Table III. A propeller or tur- 
bine can be placed in the stream and 
by mechanically transmitting rotation, 
cutting lines of magnetic force or in- 
terrupting an ultrasonic beam the 
velocity is found. The mechanical units 
fall into two classes: 1) screw type 
and 2) turbine type 

In the screw type, Figs. 10 and 11, 
straightening vanes should be used in 
the approach pipe to reduce sensitivity 
to velocity distribution upstream. These 
meters readily operate for capacities to 
150 per cent over rating. Extensive 
operation at this rate will reduce meter 
life by increasing bearing wear. How- 
ever, the accuracy 
change 

In the turbine type, 
horizontal iine passes upward or down- 
ward through a vertically mounted 
spiral-blade rotor. Upflow type has an 


J5 


curve shows no 


flow from a 





Shuttle block 


Fig. 21—Volumetric 


ment pumps. Units are 


advantage of balancing the weight 
thrust, thus reducing bearing load. 

EMF produced by a conductor cut 
ting magnetic lines of force is used in 
another type velocity meter, Fig. 12 
Flush 
pipeline. The pipe is surrounded by 
an a-c electromagnet. The flow of the 
liquid sets up an electric potential. If 
the magnetic field is maintained con- 
stant, the EMF becomes a linear func- 
tion of the velocity of the stream. It 
can be transmitted for indicator, re- 
corder or control purposes 

Most recent addition to the velocity 
class of metering devices is that in- 
volving the retarding of ultrasonic 
beams by fluid flow. This unit, Fig. 13, 
has found considerable application in 


electrodes are mounted in the 


jet aircraft for fuel measurement, pri- 
marily because of its light weight 


FEEDERS. Volumetric devices that may 
be classified as feeders or flow regula- 


tors include: inferential feeders; pad 
dle wheel feeders: pot feeders; positive 
displacement feeders; and flow regula 
tors. Tables IV and V lists many of 
these units 

Inferential feeders, Fig. 14, are 
based on the principle of meters; the 
two variables being cross-sectional area 
across which pressure changes are 
and 
stream pressures producing fixed or 
variable differentials 


By maintaining a 


measured and upstream down- 


a tank 
with a float valve, and varying the re- 
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level in 


feeders—rotarv 
similar to 
meters except for external power. Built-in or ex- 


Flexible 
rubber tube 


Cam ond plunger 


displace 
volumetric 


striction in the outlet line but main 
raining the outlet pressure conditions, 
variations in restriction will produce 
predictable flow 
discharge to atmosphere removes con 


rates. Downstream 
trols necessary on this end 

Paddle wheel feeders Fig. 15, use a 
metering wheel, similar to a turbine 
wheel, to give continuous volumetric 
measurements. Head tank with level- 
control float valve furnishes the supply 
system 

Pot feeders, Fig. 16, are 
lump or brick chemicals that are slow 


used with 


to dissolve or are of a constant solu- 
bility. Differential pressure caused by 
throttling effect of the orifice forces 
main The flow 
control valve can be used to regulate 


chemicals into line 
flow to the pot so that all settings will 
be some reproducible fraction of the 
flow through the orifice. It will remain 
constant even if main line flow varies 
This gives a ratio control of secondary 
chemical to main line flow. 

Probably the most dependable of 
the liquid volumetric feeding devices 
is the positive displacement plunger 
pump, Fig. 17. It is used for feeding 
small quantities, and takes care of dis 
charge pressure conditions of any mag 
nitude. Capacities are available from a 
fraction of a cc per minute to 50 gpm 

Instead of a solid plunger, the fluid 
motivating force can be applied by a 
diaphragm, Fig. 18, actuated by a 
plunger or hydraulic fluid. This pump 
does not require any chemical packing 


ternal pressure relief valves are required. Slip char- 
acteristics, pressure differential and fluid viscosity 
will affect accuracy of these units as feeders. 


A modification of the 
ated pump is the pneumatic or hydrau 


motor Oper 


lic metering pump, Fig. 19. Unit may 
be either plunger or diaphragm type 
but power is hydraulic or pneumatic 
Piston movement is limited by the po- 
sition of the adjustable stop which can 
maximum stroke 
length by micrometer threaded shaft 
Capacity settings are made from a de- 
livery curve and is a straight line func- 


be set for zero to 


tion. Fixed and floating dash pots hav- 
ing adjustable bleeder ports provide 
for smooth cushioning of the piston 
at the end of each stroke 

For small, high-accuracy feeding a 
modification of the reciprocating posi- 
tive displacement plunger, the syringe 
feeder, Fig. 20, may be used 

Rotary type pumps are also used for 
feeding although these are normally 
Units are 
similar to the positive displacement 
pumps 


in high-capacity ranges. 


meters except as feeders the 
are externally powered 

Rotary 
vane, swinging 
cam and 


plunger; and gear. Fig. 21 shows these 


pumps include: a sliding 


block 


squeeze, 


vane; shuttle 


piston; screw; 


types of volumetric feeding devices 
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Reynolds Number Chart 


GEORGE LOWEKE 
Wavne University 


R Reynolds Number EXAMPLI 
D pipe diameter, in 
| average fluid velocity, ft/se« 

kinematic viscosity, sq ft/sec 


D/12) V/u 


grbon Tetroachloride (6BF 
Methyl Alcohol (68 F 


Water (68F 


Mechanical Engineering, November, !948 
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Vol/foge D.C.orA4.C-—— — 


RI* 2,3,4 


À—‏ س 


Red 


Voltage 
QC or A.C. 











Not in use 


Fig. 1—Electrical circuit for starting and stopping a single-phase motor with tell-tale signal 
lights by means of momentary pushbuttons.—(A) Ladder diagram.—(B) Schematic diagram. 


From: Chemical Engineering 


Design of 


Pneumatic Relay Circuits 


ROBERT D. COWHERD 
Consultant 
Instrumentation and Control 


COMPRESSED AIR IS A common source 
for automatic 


Much 


use in 


of energy powering 


controls in process industries. 


less common, however, is its 
pneumatic relaying circuits. One rea- 
son why such circuits are not used 
more widely is the need for a simple 
method of design proceedure 
Pneumatic control equipment 15 in- 
herently explosion proof. It can store 
its OWN Operating energy for an ap 
preciable period after a power outage 
and thus retain the settings that were 
in force before power was lost 
Electrical controls can also be made 
explosion resistant with proper design, 
installation and maintenance. Even a 
momentary outage, however, 


will drop out locked-in relays, often 


pe ywer 


with hazard to personnel and equip- 
ment or material in process 
Electrical faster than 
pneumatic, but rapid response in the 
process industries is not generally re- 


Js 


relays are 


quired. If air circuit time is excessive, 
electrical components can readily be 
substituted. Designing for minimum 
and will 
yield high efficiency pneumatic circuits 
time 


volume air-flow resistance 


having constants approaching 
that of an electrical circuit 

It is not to be implied that pneu- 
matic relays can in general replace 
Each type 
has its place. Electric circuitry costs 
less than pneumatic; mainly because 


two or more independent circuits can 


electrical relaying circuits 


be actuated mechanically by a single 
relay coil, while in a pilot or relay air 
valve only one circuit can be directed 
through either of two paths. When 
explosion prevention is essential, how 
ever, costs become comparable 


Simple Electrical Circuit 
and Its Pneumatic Analog 


Engineers frequently use pneumatic 
and hydraulic analogs to explain elec- 
trical systems. The reverse approach, 
namely, the use of an electrical analog 
to explain a pneumatic system, is help- 


ful in pneumatic design because the 
“shorthand” system of notation in elec- 
trical circuit design can be transferred 
almost wholly into the field of pneu- 
matic circuitry design. 

An electrical relaying circuit consists 
of a combination of 
relays, the latter operating contacts 
that control end loads such as motors, 


switches and 


solenoid valves, and heaters in some 
predesigned sequence. The ladder dia- 
gram shown in Fig. 1 (A) can be used 
more easily than the point-to-point 
schematic shown in Fig. 1 (B) in de- 
signing and portraying such a hook-up. 

In the ladder diagram, the simplify- 
ing concept is that the actuating coil 
of a relay may be divorced from its 
contacts. This could never be done in 
an actual relay, of course, since the 
contacts must be mechanically attached 
to the coil. In a ladder diagram, how- 
ever, a relay coil may be shown in one 
rung of the ladder, while its contacts 
are scattered in the same or other rungs 
as the designer desires. The only re- 
striction is that the coil and its contacts 
must be labeled and cross-referenced so 
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Fig. 2(B) 


Fig. 2—Pneumatic circuit for starting and stopping an air motor or turbine with tell-tale gages 


by means of momentary pneumatic pushbutton valves.—(A) 


matic diagram. 


that they will be known to be associ- 


ated, even though they are shown 
on separate rungs of the ladder 

Relays are customarily described as 
normally open” and “normally closed.” 
In drawing relay diagrams, it is the 
convention that the contacts are shown 
in normal condition when the circuit 
has zero power supply. Any contact on 
the diagram, therefore, will be in the 
reverse position from that shown when 
its relay coil is energized 

As an example, assume that a circuit 
is to be designed that will energize a 
single-phase motor and light a red 
light when a pushbutton is momentar- 
ily pressed. A second momentary push- 
button is to be provided to stop the 
motor, de-energize the red light, and 
light a green light to indicate that the 
motor is now running. 

The first step in drawing the ladder 
diagram, Fig. 1 (A), is to draw the 
power supply lines L1 and L2 as up- 
rights. Another convention is to draw 
all switches and contacts on the left 
side of the diagram, and all load com- 
ponents on the right. Still another is 
the system of cross references. 

In Fig. 1( A) is shown how the relay 
coil and its contacts are identified. In 
rung 1, coil R1 is shown to be associ- 


ated wieh contacts in rungs 2, 


3, and 4, 
3, and 4 
are all marked RI1-1, indicating that 
they are operated by coil R1 in rung 1. 

The circuit shown in Fig. 1(A) ful- 


fills all the conditions stipulated for 


while the contacts in rungs 2, 


the motor starter. Pushing the "start 
button momentarily energizes the cir- 
cuit containing the relay coil R1 and 
the red pilot light. This closes the 
normally open contact in rung 2, thus 
bypassing the pushbutton so that re- 
moving the applied pressure does not 
de-energize the coil. This type of cir- 
cuit is commonly called a "lock-up" 
and contact R1-1 in rung 2 is called a 
lock-up” contact. At the same time, 
contact R1-1 in rung 3 opens, so that 
the green pilot light is de-energized. 
Also in the same instant, contact R1-1 
in rung 4 is closed, completing the cir- 
cuit, and the motor starts operating 

To stop the motor, the “stop” button 
is pressed so that the “lock-up” in 
rungs 1 and 2 is opened and relay coil 
R1 in rung 1 is de-energized. This de- 
energizes the red pilot light and opens 
Re- 
moving the applied pressure on the 
button contact, but 
both the "lock-up" contact and "start" 


the relay contact R1-1 in rung 2 


stop’ closes its 
button are open so that no re-energiz- 
of the coil R1 
Since the coil is now de-energized, the 
normally closed contact R1-1 in rung 3 
will re-energize the green pilot light, 


ing relay can occur 


while the normally open contact in 
rung 4 will open and stop the motor 


Electrical Components 
and Their Pneumatic Analogs 


A number of electrical symbols and 
pneumatic analogs are shown in Table 
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Branch diagram.—(B) 


Sche- 


I. One of the most basic of these ele- 
ments is the electric relay coil and its 
ass ciated electrical contacts 

The 


energy into a magnetic pull or force 


relay coil converts electrical 
which then operates the contacts by 
means of a mechanical linkage. Com- 
parable to this is the air-operated pilot 
The 
diaphragm actuator transforms pneu 
matic energy into mechanical motion 
which operates the ports of the valve 
body. These ports are comparable to 


the contacts of a relay in that one per- 


or relay valve shown in Fig. 3 


mits and the other denies passage to a 
fluid, just as the relay contacts permit 
or deny passage to an electrical current 

The principal 
the electrical relay 
pilot valve lies in the time ti 
An inevitable lag is 
the 


the 


difference between 


and the pneumatic 
ope rate 
inherent in the 
valve because of volume of the 
equipment and resistance to air 
flow of the connecting tubing and fit- 
a well de- 


tings. The time constant of 


signed, efficient pilot valve approaches 


] 
reiay 


that of an electrical 

A closer electrical analogy to the 
pneumatic pilot valve is the heater 
type relay with a built-in time delay 
In such a relay, the coil and its mag 
netic circuit are replaced by a heater 
element and a bi-metal strip on which 
The flow resist 
ance characteristic of the pilot valve is 
comparable to the resistance to heat 
flow between the heater and the bi- 


metal strip. Comparable to the volume 


J9 


is a common contact 





delay in the pilot valve is the physical 
bulk and capacity of the bi-metal ele 
ment of the heater type relay. 

Note that in Table I, 
for both normally open and normally 


the symbols 


closed ports exactly duplicate the older 
electrical The grouping of 
two types of ports to form a three 


ported 


notation 


two-way valve 


is completely 
analogous to a relay coil with one nor 
mally open and one normally closed 


contact, 


each having a 


common con 


nection 
and 


Electrical 


pneumatic systems 


however, have two major differences 
electrical 


A normally closed 


contact 
allows energy to flow in the circuit, 
while a normally closed port does not 


Furthermore, a circuit 


pneumatic 
stores energy and to de-energize it re 
quires not only closing off the supply 
pressure, but also bleeding off the 
pressure. The 


three-ported two-way valve, obviously, 


trapped downstream 
can replace either a normally closed or 
a normally open electrical contact, but 
not both with the same pilot actuator 


Application of the Analogy 


to Pneumatic Circuit Diagrams 


The idea of the two-wire ladder dia 
gram can readily be converted to what 
may be called a "branch" diagram for 
analogous pneumatic circuits 

Only a single air header is required 
in a pneumatic circuit. In transferring 
electrical energy, the hot side of the 
line comes from the generator and th« 
ground wire returns to it, completing 
the electrical loop. In a pneumatic 
system, however, a single piece of tub 
ing brings pneumatic energy from the 
compressor, while the atmosphere con 
stitutes the return 

Various branches emanate from the 


header on the “branch” diagram to in 


clude ports and relays as required 

As in the ladder diagram, there is 
no need in a branch diagram for a 
pilot valve top or actuator to be asso 
ciated with its ports as long as the two 
components are cross-referenced to 


their Thus the 


Same simplifying concept can be used 
for pneumatic design 


respective branches 


Furthermore, the branch diagram is 


always show n for zero air pressure in 


the circuit. Thus, when a pilot valve 


top is pressurized, thc ports reverse 


themselves from the shown 


position 
in the branch drawing 


To illustrate the use of the branch 


diagram, a pneumatic circuit will be 


Јо 


Table I—Electrical Symbols and Their Pneumatic Analogs 


Electrical 


Normolly open(N.O 


— Á 
—{ 


contoct 


Normolly closed(N.O.)contoct 


Relay со 


Bi-metollic time 


reioy 


Normo!ly ope 


hutt switch 


Normally c 


switch 


Fuse 
Switch 


Reducing tronsformer 


designed that duplicates the actions in 
the motor starter circuit of Figs. 1(A 

ind (B). In this example, a small air 
motor or turbine is to be started by 
actuating a 


momentary pneumatic 


pushbutton valve, using a pressure 
gage to indicate the fact. Another mo 
mentary pneumatic pushbutton valve 
is to be actuated to stop the motor and 
drop the gage pressure to zero, indicat 
ing that the 


The 
gram in Fig. 2(A) 


motor is not operating 


pneumatic circuit branch dia 
is comparable to 
che electrical circuit ladder diagram in 


Fig. 1(A). When the 


momentarily depressed, air flows into 


start button IS 


branch 1 through the normally open 
port of pilot valve 1 and its common 
port, reaching the diaphragm tops of 
pilot valves 1 and As soon as pilot 
сор 1 IS pressurized, it reverses its ports 
so that the normally open port of pilot 
valve 1 is closed to the initial impulse 
and the normally closed port is opened 
to an auxiliary air supply by way of the 
normally open port of the ‘stop’ but 


ton. The circuit is now 


locked up 
pneumatically in the same manner as 
the electrical circuit 

At the same time, pilot valve 2 is 
pressurized along with the pressure 
gage. The ports of pilot valve 2 
that the 


closed port in branch 3 is opened and 


reverse 


their position so normally 


the normally opened vent port is 


closed, supplying air to the motor 
To de-energize the motor, the “stop” 


Pneumatic 
Normally open(N 


— |Á— 
—A][- — 


Normally 


Low -volume pilot volve top 


Normol-volume pilot valve 


top 


Three -ported, two-woy 


pilot volve 


Pressure goge 


Sofety valve 


Valve 


Reducing valve 


bucton is depressed thereby closing its 
normally opened port and opening its 
normally closed port to the atmos 
phere. This eliminates the auxiliary air 
supply and allows pressure trapped in 
branch 1 to bleed down through the 
normally 
pilot 1 in branch 1 
When the pressure in branch 1 is 


to hold 


now open closed port of 


reduced below that necessary 


in pilot valve 1, its ports reverse to 
their normal position, and allow th: 
remaining pressure to vent through the 
normally open port of the “start” but 
ton. Thus the pressure on pilot valve 
and the pressure gage go to zero and 
the ports of pilot valve 2 in branch 5 
revert to their normal position, cutting 
air oft the 
motion 


motor and stopping its 

The purpose of the hook-ups shown 
in Fig. 1(A) and 2(A) is to start or 
stop a process at will. Sometimes the 
object is to energize another load when 
the "stop" button terminates the initial 
lock-up. Such a hook-up is called a 
deferred action" circuit; in che branch 
diagram Fig. 4 a typical example is 
shown 

The schematic diagram Fig. 2(B) 
shows how the pneumatic motor starter 
is actually tubed. As in Fig. 1 (B), the 
schematic limits the ability to visualize 
the sequential relationships of the com- 
ponents. The pneumatic point-to-point 
diagram follows from the branch dia- 


gram, rather than vice versa. 
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)) port 


closed(N C)port 


Conrroi 
or 


Common port 


Valve disks 


SANAL 


Normally open port ==- 


Top not pressurized 


Operating diaphragm 


Seal diaphragm 


Normality closed port 


LA 


Top pressurized 


Fig. 3— Typical air-operated pilot or relay valve. The operating diaphragm trans- 


forms pneumatic energy into mechanical motion which operates the ports 


of the 


valve body.—( A) Valve top not pressurized.— (B) Valve top pressurized 








$— 


Fig. 4—Pneumatic branch diagram for 


i "d | 


Lood 


deferred action circuit. In this circuit, 


another load is energized when the stop button valve terminates the initial lock-up. 


A schematic diagram, however, is 
useful in determining the relative posi- 
tions of the pneumatic components for 
the purpose of avoiding excessively 
long tubing runs. Minimizing the tub- 
ing is important not only from a cost 
standpoint, but also in minimizing the 
resistance to flow and the volumetric 
capacity of the lines so as to hold down 
the time constant and to prevent slug 


gish pilot valve response 


Sometimes it is necessary to com 
bine electrical and pneumatic circuits 
for the same control problem Typical 
examples include the sequencing of 
pump motors and actuating pneumatic 


circuits by electrical sensing elements 


Such combinations are readily 
achieved. Transfer from a pneumatic 
to an electrical circuit requires a pres- 
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sure switch. Returning to pneumatic 
from an electrical circuit makes use of 
a solenoid-operated air valve. These 
two simple components permit a ver- 


satility that is not often encountered 


Pneumatic Circuit Characteristics 


The speed of operation of a 


(1) 


its resistance; (3) 


pneu 


matic circuit depends on the cir 


cuit volume; (2) 
the system supply pressure; and (4) 
the pressure necessary to operate the 
pilot valve 

An evaluation of how these factors 
affect the speed of operation can be 
derived from 


single capacity pneumatic system 
р , (1 — е 7/8 (1) 


which shows how pressure will rise in 


the expression for a 


1956 
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a closed chamber when it is suddenly 


connected to an air supply through a 
restriction. 


In this expression 


pressure in psi that will be reached on 


the diaphragm top of a pneumatic 
relay after time 7 seconds. Term f, is 
the supply pressure in psi-gage 
the lumped resistance tO air flow 
the diaphragm top in psi/(cu in./ min 
and C is the capacity of the connecting 
piping, plus the diaphragm 

1828 


cu in./psi. Term e is 2 


of the natural logarithm system 
The 


constant of 


factor RC is termed 


the system and 


units of time. From Eq (1) when RC 
equals ¢, p equals 0.632 p,; this value 


ot R¢ For 


example, if the single capacity systen 


is called the lag coefficient 


is designed to have a lag coefficient of 
1 second, then the chamber pressure 
will be 0.632 p, at the end of 1 second 

In designing a pneumatic circuit, it 


is ordinarily desired to minimize act 


that the ig 


ation time, which means 


coemicient must be minimized Any 


J 


way luce and hence 


the energy storage 


tO rec the capacity 
ot the system, and 
any way to decrease the flow resistance 
will help in obtaining a smaller 


соепсїепї 


For example, the valve shown in 


Fig. 3 has the small diaphragm casing 
0.8 cu in under a 


volume of when 


pressure of 25 psig. Using connecting 


O.D 


found to give adequate low resistance 


tubing of ?44 or !4 in has been 


in extensive relaying circuits. when 


using a 25 psi-gage pressure air supply 
i р%1- PI 


The effect of supply 


pressure 
valve actuation time can be st 
plotting the pressure-time cu 
a system of known lag coefficient for 
each of several supply pressures. If the 
lag coefficient is 1 sec and the actua 
tion pressure is 4 psi-gage for a relay 
valve like that shown in Fig. 1, a 10 
psi-gage supply will give about !4 the 
actuation time of a 5 psi-gage supply 
Doubling the actuation pressure will 
require doubling the supply pressure 
for the same time. Low pilot valve 
actuation pressure thus permits both a 
lower supply pressure and a minimum 


actuation time 


REFERENCE 

Relays for Pr 

Design Circuits 
Robert D. Cowl 


December 


Pneumatic 
How to 
Them” by 


Engineering 





Quick Disconnect and Self-Sealing 


Many fluid lines require frequent assembly and disassembly. On disassembly, sealing 
is also necessary to keep hydraulic oil and pneumatic installations free of foreign 


Locked Uniocked 


FIG. 1—Air coupler that is full swiveling. Inserting plug into socket forces 
valve away from seat making connection. Dogs lock against plug and socket 
) To uncouple, cap 


is pulled back on socket and plug pops out allowing Е to reseat shutting 


grooves at a 45 deg angle. ( Note arrows in locked view 


off air. Socket must be connected to air source. 


Y S), LL 


>> 


FIG. 3—Two-way shut off fluid line coupler. To con- 
nect, the plug is pushed into the socket forcing valves 


apart and off their seats. Rollers maintain plug in socket 


FIG. 4—Coupler for fluid and air lines that must be 
broken at frequent intervals. To connect or disconnect, 
the actuating ring is pulled back forcing dogs open. 
Plug can then be inserted or removed. Sealing is accom- 


FIG. 2—High pressure hydraulic cou- 
pler. Threaded collar pulls the socket 
and plug together forcing the steel balls 
off their seats. On disconnecting, spring 
force reseats the balls. Internal collar 
permits increasing or decreasing of the 
spring force to perfectly center the ball 
checks. Unit is recommended for pres- 
sures up to 10,000 psi; flow up to five 
m gallons per min. eer Hydr s, Inc 


To disconnect, sleeve on socket is pushed back allowing 
roller to be released from plug groove. Plug pops out 
and springs reseat valves. nsen Mfg 


Sec 

shoulder Dog 
plished when actuating ring is forward, flush with ends 
of dog compressing plug into gasket. Coupler also de- 
signed for automatic disconnect at predetermined pres 
sure in the line. E. B. Wiggins Oil Tool Co., Inc 


flange 
ange 
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Couplings for Fluid Applications 


matter. The units shown below are some of the methods presently being used to ac- 


complish both quick disconnecting as well as automatic sealing of the broken lines. 


pushed together. Cover plates slide back and latch locks 


Io disconnect, the thumb latch is depressed and a slight 


FIG. 5—Slide-seal coupler. Ports are closed by cover 
тиңе y 


plates when disconnected. O-rings make a fluid tight seal. 
To connect, the mating lugs are matched and the halves pull disconnects halves and closes ports. 


(AMAL 
e) Ica 


\ 


Balls at end of cam travel drop into lock pockets. O-ring, 
in lock position, is compressed between coupling and 


FIG. 6—Coupler uses the inclined plane and ball prin- 
nipple. Spring loaded valves can be added to make unit 


ciple and has three major parts: a cam ring, a ball cage 
and a nipple or plug. Rotation of cam collar pushes 
balls inward into the groove, forcing halves together self-sealing 


“ “Мм, 
f | 
ت‎ 404 


4 се 
+, — x " ] 
HR am rf UU aaa суу 
AAD : f 
|| y - 
I IK ( 


мм 


| 


y 


Tightening the wing nut draws halves together. Poppet 
valve and annular sleeve move, opening the fluid pas- 


Aeroquip Corp 


FIG. 7—Industrial coupler. Plug contains a spring loaded 
poppet valve. Socket has a spring loaded annular sleeve 
which slides on a tubular valve fixed to the socket. sage. Seal is compressed and fluid-tight. 
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Fig. 1 — Gasket Materials and Construction 


A Table U A- 47 


€ I aken from 


Gasket 
Group 
Number 


Gasket Material 


1 of the ASME Unfired Pressure Vessels Code, 


1952) 
Min 
Gasket design 
factor seating 
m stress 
y 


Rubber without fabric or a high pe rcentage of asbestos fiber 


Below 75 Shore 
75 or higher Shore Durometer 


Durometer 


1 
Asbestos with a suitable binder 


Asbestos with a suitable binder 


Rubber with cotton fabric insertion 


Rubber with fabric 


with or without wire 


asbestos 


reinforcen 


hber 


Vegetable 





Spiral-wound metal, asbestos 


Stainless 


ا 


Serrated st 


Corrugated m Soft aluminum 


inserted or 


Iron or soft steel 


O, ۹ EES A MM rss 


» chrome 


Monel or 4-67 


Stainless steels 


II Corrugé sted metal jacketed 


asbestos fille d 


a‏ ا 


Corrugated metal Soft aluminun 


Soft copper or bras 


Iron or soft steel 
Monel or 4-67 
Stainles 


Corrugated met: 1 


s steel 


Soft 
Soft copper or bra 


aluminum 


Iron or soft stecl 
Monel 
4-6% chrome 


Stainless 


Flat metal jacketed, asbesti 


filled 


stecl 





Soft aluminum 
Grooved iron or soft 
Iron or soft steel 
Monel or 4-67 


Stainless 


steel with or without 
metal jacket 


steels 


Solid flat metal Soft aluminum 


Soft copper or brass 


Solid soft steel 
Monel or 4-67 


Stainless 


flat metal Iron or 


111 


steels 


Note: Gasket factors m ind "y", when used with t cttective added width 


m ratio of gasket seating pressure to operating pressure 


y gasket stress required to seat gasket 


Ju 


Carbon 


Soft copper or bras: 


chrome 


Soft copper or brass 


chrome 


chrome 


is defined by. "b 





8 thick 
16 thick 
32 thick 


2200 
2900 
3700 


Sketches 
and 
notes 





1100 





2900 


1500 





2900 
3700 
4500 


6500 
3700 
1500 


5500 
6500 


7600 


5500 
6500 
7600 
8000 
9000 


9000 


5500 
6500 
7600 
9000 


10100 


оо 


13000 
18000 
21800 
26000 


in the ASME Code, 


under bolting-up conditions without internal pressure. 


may 


defined 


is folle 
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From: MSS Standard Practice SP-47 


Gaskets for 
Raised Face Flanges 


IN THE AMERICAN STANDARD ASA 
B16.5-1953 (Steel Pipe Flanges and 
Flanged Fittings), two classes of rat- 
ings are given for standard steel pipe 
flanges; Class A being generally about 
20 per cent higher than Class B ratings 
The rating class depends upon the 
A 


gasket-facing combination. Class 


ratings apply to 


(a) Ring-joint facing 

(b) Small tongue-and-groove facing 
used with any type gasket 

(c) Large tongue-and-groove facing 
used with any type gasket, except flat 
solid metal. 

(d) Other 
which result in no increase in bolt load 
or flange moment over those resulting 


facings with gaskets 


Table I—Group I Gaskets 


w 
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from the facing-gasket combinations 
listed in (a), (b), and (c) 

This provision (d) provides a means 
of applying Class A ratings to flanges 
with raised faces. The bolt load and 
moment calculations required by pro 
vision ( d De how ever, are time consum 
ing and open to varying interpretations 
Consequently, a demand developed for 
a Standard Practice that would estab 
lish the dimensions of gaskets usable 
with raised face flanges based on Class 
A rating provision (d) of ASA B16.5 

In compliance with this demand, the 
Manufacturers Standardization Society 
of the Valve and Fitting Industry have 
developed and approved the following 
Standard Practice that establishes limit- 


Fig. 3 


Gasket 
Contact 
Width 


Outside Diameter 


Nominal 


Size | 150 Ib 300 Ib 400 Ib 600 Ib 900 


+ 


ads V. ad 


z 


Gasket /D 


x^. ad ad 
ә 
ab. de. d. an 
4 бә ә ә һә IN 


ж 


Gasket OD 


U $5 0 ш M‏ © د 
a ON a. ON‏ 


о © л ш шш һә 


С Ф ی‎ ш ш ш һә دد‎ 


LM 
“М 


1 
1 
2 
2 
2 
35 
4 
5 
5 
6% 


чо л л 


3^ ad 
x 


æ 
Q ол Ф 4 00 MO һә ње ња ња ња 
x x 
يه‎ © ол Un Ф D о вә вә вә 


Fig.3 


x 

x. us 

р ~ 
оо 


һә 
- 


cO 9:0 


a 


e W >= Gosket/D 


Gosket OD 


x 


Fig 
w 
Gasket 
Contact 
Width 


Centering Ring Outside Diameter 


Nominal 
Size 


400 600 Ib 


300 lb 


z od 

= 
=. Фо 
x - 


"m 


+ 


d 


^ à ge fon 
Waa 

4 ode C) CO MO M к не на 
aw 
a^. a. wh. d m 


Ao ш ш һә 


x 


з С л л 4 ш о ә һә NO 


= موا موا میا موا موا سم 
aA oh ГҮ",‏ 


Ол d ш ш NN FN wv‏ ې © يپ 


> > ш юк кке к 


«PO QU AU Ut 


л 
ЕД. 


^ 
eo „ 


ac. $^, d^, de^. ads MP 2. ы 
æ 
x 


x 


æ 


aw 


12% 
14 
16 
18 
20 
24 


19 
21 
23 


) 


25 


1 
= 


MM d 


» W < Gasket /O 
-< Gasket contact OD 


21 
23% 


25 


ж 


һә һә м в 
о 2 = 


^ 30 30 
<- Centering ring OD . - 


t Applies to both Fig. 2 and Fig. 3. Gasket diameters may be varied, provided the gasket contact width does not exceed that shown; in no case, however, 


should the area of non-metallic gaskets be less than that of the bolts. 
Applies to both Fig. 4 and Fig. 5. Gasket diameters may be varied, provided the gasket contact width does not exceed 
Gasket may be extended or a centering ring used. 


that shown 
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Table IIB—Group IIb Gaskets 


w |. Fig 6 M | 
Gasket | 
Contact 


Width 


| 
| 
Nominal | 
Size | 
M V | 1 1% 
4 1% | 11% 
1 А 2 
14 1% 214 
j к 2% | 2% 
2% | 3% 
3% 4% 
4% 5 
4% 514 
5! 6% 
6*4 7% 
7% 814 
9% 10% 
12% 
13% 15 
16% 
1814 
21 
23 


ep 
274 


Table IIIA—Group IIIa Gaskets 


w 

Gasket 

Contact 

Nominal | Width 
Size t 


% 


w 

Gasket 

Contact 

Nominal Width 
Size і 


ص 


we 


2 


d 


06 C U^ A» (à 0 о о н н е 
a 
00 С чл Ол هھ‎ ш Q0 دد دد‎ 
- وا سپا ع‎ e 
ai. K^, af. af. Ks 9^. ad 
2 С ол Ол Ф 00 Мо ә кә ња не 
x. S o. M Р 


| 
| 
t I. D. G5 | LD 





150 Ib 


1% 
2% 
2% 
3 

3% 
414 
474 
5% 
6% 
6% 
7% 
8% 
11 

13% 
16% 
17% 
2014 
2154 
2374 
28 4 


150 Ib 


1% 
24 
254 
3 

3*4 
44 
474 


5% 


150 Ib 


174 
24 
2% 
3 

3*4 
4% 
4% 
5% 


13*4 
16 

1754 
204 
21% 
23% 


28 4 





300 Ib 


2% 
2% 
2% 
3% 
3% 
4*4 
S514 
574 
6*4 
7% 
814 
974 
12% 
144 
16% 
1914 


Fig. 7 


Outside Diameter 


400 Ib 


2% 
2% 
2% 
3% 
3% 
4% 
5% 
5% 
6% 
7 
8*4 
9% 
12 
14% 
1614 
19 
21% 
23% 
2514 
304 


Fig. 9 


600 Ib 


2% 
2% 
2% 
3% 
4% 
5м 
574 
6*4 
754 
914 
1014 
1254 
15% 
18 
19% 
22% 
2416 
26% 
31% 


900 Ib 


2% 
2% 
3% 
3% 
3% 
5% 
614 
654 


814 

9м 
11% 
1414 
17% 
195% 
2014 
22% 
2514 
27% 
33 


1500 Ib | 2500 Ib 


2% 
314 
314 
3% 
554 
614 
674 


814 
10 
1144 
13% 

7% 
2014 
223 
254 
27% 
293% 
3514 


Centering Ring Outside Diameter 


300 Ib 


214 
2% 
274 
3% 
4% 
51$ 
57% 
614 
7% 
814 
12% 
144 
16% 
1914 
21% 
2314 
25% 
3014 


300 Ib 


214 
254 
2% 
3% 
3% 
4% 
5M 
5% 
614 


Bly 

974 
1214 
144 
16% 
1914 
214 
23% 
25% 
3014 


400 Ib | 600 lb 


2% 
2% 
2% 
314 
3% 
434 
5% 
5% 
6% 


> 
1 


8% 

9м 
12 
144 
16% 
19 
21% 
23% 
25% 
30% 


400 Ib 


2% 
2% 
2% 
зм 
3*4 
mv 
5% 
5% 
6% 


8*4 

9*4 
12 
14 
1614 
19 
2114 
23% 
2514 
3014 





Fig. 


11 


900 Ib 


214 
2% 
3% 
314 
374 
554 
614 
6% 


814 

9% 
11% 
14% 

7\% 
1954 
20% 
22% 
25% 
27% 
33 


Outside Diameter* 


600 Ib 


900 Ib 


214 
2M 
зи 
314 
374 
5% 
614 
654 


84 

9м 
11% 
1414 
1714 
195% 
2044 
225% 
25% 
27% 


1500 Ib | 
| 


214 
2% 
3M 
314 
3% 
5% 
6% 
6% 
84 
10 
11% 
1374 
174 
2014 
22M 
254 
27% 
29% 
3514 


1500 Ib 


2% 
2M 


24 
3 
3*4 
Gasket /D 
—— aske! OD 


Gasket /D 
Gaske! OD 


2500 Ib 


> W |< Gosket ! D 


Gasket OD 


س 


> We Gasket /D 
Gasket contact OD 
Centering ring OD 


Gosket /D 
Gosket OD 


боѕке! 10 
Gasket OD 


t Applies to Fig. 6, Fig, 7, Fig. 8, Fig. 9, Fig. 10 and Fig. 11. Gasket diameters may be varied, provided the gasket contact width does not exceed that 


shown. 


+ Gasket may be extended or a centering ring used. 
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ing dimensions of raised face flange 
gaskets which meet requirements of 
ASA B16.5 for Class A ratings. 

In developing this Standard Practice, 
calculations were made of the bolt 
loads and flange moments of the facing 
gasket combinations listed in ASA 
B16.5 Class A gasket provisions (a), 
(b), and (c). Calculations were made 
following the method used in establish- 
ing ASA B16.5 ratings. 

To keep the Proposed Standard from 
becoming too complex, gaskets were 
grouped according to their properties 
as indicated in Fig. 1 by "m" and "y" 
values. Gasket dimensions were then 
established so that the resulting cal. 
culated bolt loads and flange moments 
did not significantly exceed those of 
corresponding existing Class A gasket- 
facing combinations 


1. SCOPE. 


This Standard Practice gives 
inside and outside diameters of gaskets 
for use with ASA B16.5 steel flanges, 
flanged fittings, and flanged valves with 


(a) 


raised faces on the flanges 

(b) Gasket dimensions are such as 
to conform to the Class A gasket re- 
quirements established in ASA B16.5 
1953 


2. GASKET MATERIALS AND CON- 
STRUCTION. 

(a) Materials and construction of 
gaskets covered by this Standard Prac- 
tice shall conform to Fig. 1 


3. GASKET DIMENSIONS 

(a) Gasket dimensions are given in 
Tables I, II, and III. These dimensions 
represent approximately the maximum 
combinations of widths and diameters 
of the different types of gaskets covered 
which meet Class A rating require- 
ments. Variations in dimensions which 


tend to reduce bolt loads and flange 
moments (e.g. reducing the gasket 
width) may be made; however, in de- 
parting from the tabulated dimensions, 
consideration should be given to the 
stability of the gasket under high bolt 
loads. As a general rule, the area of 
nonmetallic gaskets should not be less 
than the bolt area. 


(b) Gaskets are divided into three 
groups based on the gasket properties 
as indicated by their m and y values 
as shown in Fig. 1. These groups are 
defined as follows: 


Group m y 
I 3.00 or 
smaller 

II over 3.00 
to 4.25 


ПІ over 4.25 


1,500 or 
smaller 
over 4,500 
to 10,100 


over 10,100 


(c) Gasket contact widths are as 


follows 


ASA 

flange 
width 
ASA B16.5 
tongue width 
ASA B16.5 small 
tongue width minus 
4o but not less 
than 944 inch 


B16.5 


raised 


Group slip-on 


fac e 


Group Il large 


Group III 


4» in 


(d) Gasket Groups I, Ila, and Ila 
have inside diameter equal to the out- 
side diameter of the corresponding 
pipe, which follows the principle es- 
tablished in ASA B16.21, Non-Metal- 
lic Gaskets for Pipe Flanges. It may be 
desirable under 
make the inside diameter of these gas- 


some conditions, to 


kets equal to the inside diameter of 
valves, pipe, or the bore of integral, 
type 


flanges, and this is permissible pro- 


welding neck Or socket weld 


vided the gasket contact width does 
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not exceed that shown. This provision 
affects gaskets shown in Figs. 2, 3, 4, 
5, 8 and 9 and requires a reduction in 
gasket outside diameter as well as in- 
side diameter. Additional 
for varying gasket widths in contact 
with raised face are covered in Para 
graph 3a. Groups I, IIb, and IIIb have 
outside contact diameter equal to the 
outside diameter of the raised face 

(e) The outside diameter of gaskets 
or centering rings extending beyond 
the raised face is equal to the bolt 
circle minus one bolt diameter. This 
type gasket is designed to be aligned 
by the flange bolts. 

(f) Groups Ila and Illa gaskets are 
designed for those users who prefer 
that narrow gaskets be located close ti 
the bore, thereby keeping the pressure 
area to a minimum and giving maxi 


prov isions 


mum flexibility to the flanged joint 
Groups IIb and IIIb gaskets are de 
signed for those users who prefer nar 
row gaskets to be located at the outside 
of the raised face for ease in aligning 
the gaskets without a centering ring 
(g) Group I gaskets with edges ex 
tending to the bolts (Fig. 3) are di 


mensionally the same as the corre- 
sponding flat ring gaskets given in 
American Standard B16.21-1951, 
“Non-metallic Gaskets for Pipe 


Flanges.” 


Í. TOLERANCES 

(a) Gasket contact widths shall not 
exceed the specified contact width by 
more than 10 per cent 


REFERENCE 

Limiting Dimensions of Raised Face 
Flange Gaskets,” Standard Practice SP-47 
The Manufacturers Standardization Society 
of the Valve and Fittings Industry 


Size Check Valves Properly 


MANY OF THE DIFFICULTIES encoun 
tered with check valves, both lift and 
swing types, are caused by oversizing 
Oversizing results in noisy operation 
and premature wear of the moving 
parts. 

Pressure drop varies somewhat for 
different valve designs, depending upon 
the relative weight and size of the disk 
A good rule is to size lift-check valves 
so that the pressure drop in the fully 
open position is about 2 psi, and about 


L5 psi for swing-checks in the fully 
open position 

This rule applies only to check valves 
designed on the basis of established 
fundamental considerations that will 
assure a full disk lift at very low flow 
rates. 4 

In-line ball-check valves should be 
installed in a horizontal position wher- 
ever possible, because in this position 
the flow required to move the disk to 
the fully open position is low, and 
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| 


valves can be full size to match the 


pipe This 


pressure drop at all flow rates, as well 


line will result in a low 
as in vibration free operation 

If it is necessary to install an in-line 
ball-check valve in a vertical line, it 
should be 
will be sufficient to cause a 
drop of about 2! 
vide full disk lift 


operation as well as premature wear of 


sized so that the flow rate 
pressure 
psi, which will pr 
and 


prevent noisy 


the moving parts of the valve 


Jv 
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Fig. 1—Bi-manual control of a cylinder. Valve levers must be held in position for piston to 
operate. Release of both valves automatically returns piston. Release of self-reversing valve 
returns the piston; release of self-exhausting valve vents both sides of piston to exhaust. 


From: The Machinist 


Fundamentals of 


PNEUMATIC CONTROL 


R. COOPER 


Lang Pneumatic, Ltd. 


Typical air circuits using different types of pneumatic valves. 


Function of circuit dependent on valve operation and sequencing. 


Pneumatic circuits can be combined with electrical or hydraulic 


circuits to perform specific operations. 


Fig. 2—Spring loaded locking piston. 
To activate cylinder both valve levers 
must be positioned. Once piston is set 
release of self-centering valve locks posi- 
tion of positive valve. To withdraw the 


piston both valves must be activated. 


Used for air-vices and air-powered 
clamps on machine tools 


Ji8 


| Exhoust 


Self centering 
valve 


Flow 
regulator 


-Flow 
Positive valve regulator 
with integral 
locking piston 
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Fig. 3—Two position control of one 
cylinder. One operator can control the 
piston movement from either of two 
stations. Distance between valves and 
cylinder must be kept short; long runs 
require servo operated pilot valves. Air 
enters through center of change-over 
valve cover to operate piston 


Fig. 4—Twin slide control valve for 
operating two double acting cylinders 
Three positions of valve permits three 
stop positions of piston. Lever motion 
to left operates left cylinder; to right, 
right cylinder. Center lever position re- 
turns both valves to start condition 


Fig. 5—Impulse valve used to servo 
operate a valve to obtain continuous 
reciprocating motion. Stop valve con 
trols rest position. Trip rod is tied to 
piston rod; length of stroke controlled by 
stops. Position of impulse valve directs 
air to automatic valve, moving piston. 


Fig. 6—Two pilot valves may replace 
the trip rod to give reciprocating motion 
Start position lets air through pilot flow 
into automatic valve moving piston. Pis- 
ton trips pilot valves closing flow to one 
side of valve and reversing piston. In 
stop position air holds piston against 
cylinder end in this example 





Fig. 7—Semi-automatic control of cylin- 
der is obtained using one pilot valve. 
Manual operation of valve moves piston 
until pilot valve is depressed. Operating 
piston of main valve reverses, returning 
piston. To reactivate manual operation 
of valve is again required. 


Fig. 8—Unloader valve gives semi-auto- 
matic operation. At end of stroke, build- 
up in cylinder of supply pressure from 
working pressure causes unloader valve 
to open. Unloader is set to open at pres- 
sure above working but slightly below 
supply. Two unloader valves give con- 
tinuous reciprocation. 


Fig. 9—Single-cycle automatic sequence 
with two cylinders. Valve C moves pis- 
ton A forward which depresses pilot 
valve D, thus reversing automatic valve 
E which actuates piston B. When B com- 
pletes its stroke, pilot valve F operates 
to reverse C, returning piston A. Piston 
A at the end of its stroke depresses pilot 
valve G, which reverses E returning pis- 
ton B. Cycle is completed and can be 
reactivated only by valve C being manu- 
ally operated. Cycle may be made auto- 
matic by replacing valve C with an 
automatic valve and an additional pilot 
valve which would be depressed by the 
return stroke of B to initiate the next 
cycle of automatic operation. 


Fig. 10—Selector valve to operate two 
cylinders. Cycle is initiated by depressing 
valve C which reverses automatic valves 
D and E. E supplies air to pilot valve 
F, and D permits piston A to move for- 
ward. At end of stroke valve F is de- 
pressed reversing automatic valve G 
sending piston B forward. Piston B de- 
presses pilot valve H which reverses the 
two automatic valves G and E. E sends 
air from F to pilot valve J. G lets piston 
B return and operates J to reverse valve 
D and return piston A to recycle. 
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Fig. 11—Circuit using ап air-operated 
clutch. To obtain single stroke opera- 
tion, selector valve A is set in position 
Depression of foot valve B moves servo 
cylinder C forward to trip control valve 
D, sending air to reverse valve E and to 
engage clutch. After one clutch revolu- 
tion, valve F is tripped which reverses 
valve E through selector valve A. To 
actuate circuit, valve B must be released 
and again depressed. For inching, valve 
A is positioned to isolate valves F and b. 
Valve E is controlled by hand operated 
valve G to inch the clutch. 


Fig. 12 — Electro-pneumatic circuit. 
Opening and closing guard actuates the 
press. Guard in up position causes small 
limit switch A to energize the relay B. 
As the guard is lowered, relay B is held 
energized by normally closed limit 
switch C. Depressing of limit switch D 
by closing guard, actuates solenoid oper- 
ated valve E. Air forces piston to move 
and at end of stroke opens the normally 
closed limit switch C, de-energizing relay 
B. Electrical supply to solenoid valve E 
is interrupted returning valve and piston 
to original position. System cannot be 
re-engaged until guard is lifted closing 
switch A and priming relay B for next 
operation of the circuit. 


Fig. 13—Hydraulic-pneumatic circuit. 
(Upper) Simple hand controlled ar- 
rangement that provides constant speed 
to a slide under varying load by oppos- 
ing an oil dash pot to the air cylinder. 
Damper pre-loads the air cylinder and 
governs the speed so that air cylinder 
will not slow down or speed up because 
of load changes and the compressibility 
of air. (Lower) Same system but by 
decreasing the oil cylinder size and ex- 
tending the piston rod a fast approach 
stroke of the air cylinder is possible. 
Lock nuts adjust the length of the fast 
stroke. 





Nomograms Relating Hydraulic, 


Pneumatic and Electrical Energy 


A. E. MAINE 


De Havilland Aircraft of Canada, Ltd 


PNEUMATIC DRIVES are used frequently in industrial con- 
trol systems and in machine tools. Consequently, the need 
arises to calculate the air flow required to provide a stated 
amount of electrical or mechanical power. The nomogram 
shown in Fig. 1 enables such flow calculations to be per 
formed rapidly and is accurate enough for most engineering 
purposes 

Similar problems occur in the selection of hydraulic mo- 
tors that are employed to drive electrical generators. The 
nomogram in Fig. 2 is designed to facilitate the calculations 
required in estimating the hydraulic flow needed to obtain 


a stated electrical output 


1. PNEUMATIC TO ELECTRICAL ENERGY 


| calculates the air flow required to provide a given amount 


The chart in Fig 


of electrical or mechanical power. The power scale of the 
chart is graduated in kilowatt units, however, since 746 
watts equal one horsepower it is a simple operation to con 
vert electrical units into mechanical units 

Since the overall efficiencies of most pneumatically driven 
devices are not very high, the efficiency scale is marked off 
only to 50 per cent. For example, the usual values for im 
pulse turbines range from 5 to 40 per cent 

The nomogram, Fig. 1, is based on calculations obtained 
with the following equation 


K-1)/K 
W 2.19 І 


Where 


1 electrical power, kilowatts 
F iir flow, lb per min 

R pressure ratio 
K exponent of the gas expansion curve (1.4 for air 
E conversion efficiency factor, per cent 


absolute 


For large air flows and electrical quantities, the range of 
the nomogram can be extended by simply multiplying the 
B and D scales by a common factor. 


EXAMPLE | 
pulse turbine generator with an overall efficiency of 20 per 


For an output of 120 watts from an air im 


cent, find the air consumption when turbine feed pressure 
is 50 psi gage and discharge pressure is atmospheric at sea 
level or 14.7 psi absolute 


J22 


SOLUTION 1. The ratio of discharge pressure to feed pres 
sure is calculated as follows 


R= 147 50 + 14.7 0.221 


Intersect the reference line C by a line drawn from point 
0.227 on scale A to point 20 on the efficiency scale I 
Through the point of intersection on line C, draw a line 
from point 0.12 kilowatts on scale B and extend the line 
through scale D to find airflow; this intersection yields 0.79 
lb per min for airflow 
^ HYDRAULIC TO ELECTRICAL ENERGY. The chart in Fig 
' estimates the hydraulic flow at a given pressure needed to 
supply a given amount of electrical power. The flow scale b 
is graduated in Imperial gallons: multiply Imperial gallons 
by 1.205 to convert to U. S gallons 

The nomogram, Fig. 2 (shown on page J24), is based 
on the following equation 


H 


Where 
и electrical power, kilowatts 
F hydraulic flow, Imperial gallons per hi 
я hydraulic pressure, psi 
К constant 115 
E conversion efficiency factor, per cent 


) 


EXAMPLE 2. Estimate the flow required by a hydraulic mx 
tor, having a supply pressure of 300 psi, a back pressure of 
{0 psi, to obtain an output of 80 watts from an electrical 
generator. The overall efficiency of the motor and generator 
is 30 per cent. 


SOLUTION 2. The pressure drop across the motor is then 


Р 300 — 40 = 260 psi 


Intersect the reference line C by a line drawn from pout 
260 on the pressure scale E to point 0.08 kilowatts on the 
power scale A. Through the point of intersection on line C, 
draw a line from point 30 on the efficiency scale D and ex- 
tend the line through scale B to find hydraulic flow: this 
intersection yields 118 Imperial gallons per hr for hydraulic 
flow, or 0.007 X 118 9.07 cu in. per second 
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Nomograph Relating Pneumatic and Electrical Energy 
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Nomograph Relating Hydraulic and Electrical Energy (continued from page J23) 
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Piston Travel Time Chart 


THIS CHART FACILITIES the calculation of the number of 


gallons per minute that must be supplied to a piston 
cylinder to move the piston a required distance in a given 


time 
Where 


! z: time, minutes 
Q —fluid supplied to piston cylinder in 
R —rate of supply, gallons per minut« 
D — diameter of piston, in 
58 — travel of piston in time ¢, in 
K =chart construction factor 


! minutes, cu in 


1.27 Q 


Q=231 Ri=K 


x 


S=Q/(r D 








t, minutes 








127 
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А 4 їп. dia piston contained in a cylinder is 
How many 


EXAMPLE 


required to move 24 in. in 3!4 minutes 


gallons per minute of fluid must be supplied to the cylinder 


to fulfill this condition? 


SOLUTION: From Eq (1) calculate 


K =S D! 24X 4 = 384 


To obtain rate of fluid supply needed, draw a vertical 


ordinate on chart from K equal to 384 until ordinate inter 


a horizontal ordinate minutes 


sects from 7 equal to 314 


[his point of intersection indicates that a supply rate of 
I 


approximately 0.41 gpm is required 
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Fig. 2—Air Piston Accumu- 
lator. The hydraulic cylinder 
is contained in the sliding 
piston; ram is stationary. 


Fig. 3—Air Bottle Accumu- 


lator. 


Bottles can be used 


singly or in multiples ar- 
ranged in series or parallel 
connected combinations. 


Fig. 3 


Fig. 1—Weighted Type Accumulator. The ram drops at a velocity proportional 
to the rate of liquid withdrawal. Limit switch controls load and unload pumps. 


TYPES OF Hydraulic Accumulators 


A. F. WELSH 


Worthington Corporation 


HYDRAULIC ACCUMULATORS are used 
primarily: (1) To supply instantaneous 
and peak demands for high pressure 
liquid; and (2) to reduce the size of 
the pumping equipment needed by 
using the time interval between with- 
drawals to replenish the accumulator 

In addition, accumulators help to 
smooth out any pulsating flow in the 
discharge of piston type pumps. Air 
loaded accumulators also provide some 
cushioning of hydraulic shock that fre 
quently occurs in hydraulic lines. 

The size of the accumulator required 
to supply a hydraulic system is deter 
mined by the peak volume require- 
ment of the system. The capacity of the 
pumping equipment required is deter- 
mined by the average demand of the 
system 

The four basic types of accumulators 
are the: (1) Weighted; (2) air pis- 

air bottle; and (4) com 
pressed-gas bag. Other types are the 
spring loaded and the bellows 

In the weight and spring loaded 
types, energy is supplied by a mass or a 


J26 


ton; (3) 


compressed spring acting on a hydrau- 
lic piston or ram. In the others, energy 
is obtained from a reservoir of com- 
pressed gas, usually air or nitrogen 


WEIGHTED TYPE ACCUMULATOR. A 
weighted ram accumulator, sometimes 
called gravity or ballast type, is shown 
in Fig. 1. It consists essentially of a ram 
in a vertical cylinder and a large tank, 
weighted with ballast, suspended on 
the ram. The amount of weight re- 
quired to load the ram is equal to the 
system working pressure multiplied by 
the cross-sectional area of the ram less 
the weight of the ram and tank. 

The nominal size of a weighted type 
accumulator is expressed by the diam- 
eter and stroke of the ram. Its nominal 
capacity is the displacement of the ram 
expressed in gallons. When liquid is 
withdrawn, the ram drops at a velocity 
proportional to the rate of liquid with- 
drawal 

The usable capacity, 
however, is generally about 75 to 80 
per cent of the nominal capacity. This 
difference is dependent upon several 
considerations. The ram must not drop 
to its full stroke, since pressure would 


effective or 


be lost if the accumulator rested on its 
blocks. Also, an interval of time is re- 
quired for deceleration of the descend- 
ing ram and control. 

Similarly, it is not practical to utilize 
the full upward stroke of the ram since 
its nominal travel must provide for 
safety feature operation to prevent 
hazardous overtravel. 

The length of working stroke of 
these accumulators is usually controlled 
by float or limit switches. These con- 
trols can be set to load and to unload 
the pumping equipment as desired. In 
addition to these controls, it is good 
practice to have an overtravel shut- 
down. This precaution is recommended 
to avoid liquid escaping at high veloc- 
ity through the safety release hole and 
tearing the gland packing. 

During the operation of a weighted 
accumulator, the pressure may vary as 
much as 10 per cent because of packing 
friction on the ram and the effects of 
inertia. At times, excess pressure may 
be required to reverse the direction of 
a falling weighted accumulator. 


AIR PISTON TYPE ACCUMULATOR. An 
air piston or intensifier type accumula- 
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From: Power and Fluids, Fall 1955 
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Р, 

Pg * Percent pressure drop; n value=i.3 
Air to water ratio= 3to! 


P47 


60 64 


Total accumulator volume, IOO gallons 


Fig. 4—Total volume of air bottle accumulators required to obtain various effective capacities at stated pressure drops 


tor is shown in Fig. 2. It consists of an 
The 


hydraulic accumulator cylinder is con 


air cylinder, a piston, and a ram 


tained in the piston. The ram is sta- 
tionary. The load or weight on the end 
of the piston opposed to the ram is 
obtained by a medium air pressure of 
200 to 250 psi in the air cylinder 

Since the piston makes a full stroke 
in the air cylinder, the volume of com 
pressed air in the air cylinder may or 
may not be sufficient to maintain the 
required differential in hydraulic pres 
sure. If not, the required differential 
can be obtained by connecting the air 
cylinder to separate 250 psi air re 
ceivers; the combined volumes of air 
in the air cylinder and receiver being 
sufficient to limit the pressure drop to 
the desired amount 

A small air compressor or other 
source of air at 250 psi is required to 
charge the air cylinder and receivers 
initially, and occasionally to make up 
air lost as the result of leakage 

Loading and unloading of the pump 
ing equipment is controlled by a 


mechanism actuated by an outrigger 


bracket on the accumulator piston 


AIR BOTTLE TYPE ACCUMULATOR 
This type, shown in Fig. 3, is a simple 
steel pressure vessel that contains suff- 
cient volumes of liquid and compressed 
air to produce the desired effective or 
usable capacity 

Since delivery from the accumulator 
lepends on the expansion of the high 
pressure air, the volume of the steel 
bottle is established in design by a 
differential 
The effective capacity is the amount of 


predetermined pressure 
liquid displaced by the expansion of 
the air through the specified pressure 
range 
Using the following nomenclature, 
several important relations can be es 
tablished 
n =exponential coefficient for gas volume 
change 
initial absolute pressure, psi 
final absolute pressure, psi 
ratio of pressure drop to initial pres 
sure, per cent 
in bottle, cu ft 
final volume of air in bottle, cu ft 
initial volume of fluid in bottle, cu ft 
R=V./Vr 


initial volume of air 


ratio of initial volume of air 
to initial volume of liquid ir 
accumulator 


total volume of bottle, cu ft 
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eff ective 
cu It 


capacity 


From the law governing the expan 
sion of compressed air 


PV" =P,V; 
The per cent pressure drop P 

P P,—P;)/P. 

The effective capacity Cg for a given 

pressure range is 

Cg -] | 
By substituting Eq (1) in Eq ( 

Cg — V3[(P3/ P3)! — 1 1 


By substituting Eq (2) in Eq (4), 


the initial volume of air in the bottle is 


[he total volume Vr of the bottle is 


Vr=V; 


LV; 


or, by substituting Eq (5) and the 


term V2/R for Vp in Eq (6 
1+(1/R)| Ce 
1/1—Р 


the total volum« 
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Thus, with Eq 





V; of the bottle can be calculated when 
the effective capacity Cg, the per cent 
pressure drop Pp, and the air volume 
to liquid volume ratio are stated. 

During the cycling of an air bottle, 
the compression or expansion of the 
air can range from isothermal to adi- 
abatic. Consequently in estimating ves- 
sel size, the compression or expansion 
of the air can be considered to be poly- 
tropic, using 1.3 for the value of n. 
This value is close to adiabatic and is 
more conservative than calculations 
based on isothermal conditions. 

In Fig. 4 is shown the total volume 
Vr of air bottle accumulators required 
for various effective capacities Cg with 
a stated pressure differential (Po — P), 
based on an air to fluid ratio of 5 to 1. 
The volume of air and liquid in an air 
bottle system, however, can vary any- 
where from two to eight parts air to 
one part fluid. The pressure drop per 
gallon of liquid withdrawn decreases 
as the air-liquid ratio increases. In Fig 
5 15 shown the pressure drop for air 
bottle accumulators of various air to 
liquid ratios. Note the difference in 
pressure drops obtained with adiabatic 
and isothermal compressions 

As a general rule the liquid volume 
is approximately 14 the air volume. 
For a given volume of liquid, the depth 
of liquid in the bottle increases as the 
bottle diameter decreases. 

It is important that the liquid be 
sufficiently deep at its minimum level 
in the bortle or bottles to prevent loss 
of air charge. This depth varies with 
the type of service. For example, a 
liquid demand that causes a high veloc- 
ity discharge from the bottle requires a 
larger volume of residual liquid than 
would a long slow withdrawal 

In an attempt to avoid the formation 


Fig. 5—Pressure drop in air bottle accumulators of various air 
to liquid ratios with adiabatic and isothermal compressions. 


Pressure drop- percent 


3:1 4.1 5:1 6:1 


Air to woter rctio 


of a vortex, a baffle over the discharge 
opening in the bottle is sometimes 
used. 

A large volume of air escaping from 
the accumulator into the piping and 
hydraulic equipment could cause seri- 
ous damage. Also, it might cause con- 
siderable delay in building the pressure 
back to normal conditions. 

When the hydraulic fluid is com- 
bustible, an inert gas such as nitrogen 
can be used for the charging medium 
in the bottle. For large hydraulic sys- 
tems, water with a small percentage of 
soluble oil is an inexpensive hydraulic 
fluid. The oil in solution provides sat- 
isfactory lubrication for rams and other 
moving parts. Also, since water is not 
combustible it is safer where there is a 
possibility of the fluid coming into 
contact with flame or hot metal 

Air bottles can be used singly or in 
multiples, and operated in parallel or 
The 
common operating pressure differential 


series or a combination of both 


is usually about 10 per cent, but varies 
slightly with requirements of the ma- 
chinery being operated. Bottles аге 
usually designed so that with maximum 
hydraulic withdrawal, the pressure in 
the accumulator will not drop more 
than 10 per cent of the normal maxi 
mum pressure. 

Pressure differentials as low as 1 or 
2 per cent can be maintained if nec- 
essary. Such low differentials, however, 
require an abnormally high total vol- 
ume in relation to the usable accumu- 
capacity and highly sensitive 
instruments for Also, 
differentials probably would cause the 
pumping equipment to load and un- 
load more often than would be con 


lator 


control such 


sidered good practice 
If consideration is given when the 


system is designed, bottles can be 
readily added or subtracted should hy- 
draulic requirements be increased or 
decreased. Where multiple bottles are 
used, the system should be so arranged 
that the bottles can be isolated for 
inspection. 

Liquid level and pressure in an air 
bottle accumulator are maintained by 
means of pressure governors, level 
controls, or a combination of both 

Control requirements vary but the 
basic functions are to start or stop the 
pump flow into the accumulator sys- 
tem, shut down the pump or pumps in 
the event of overpressure or high level, 
and close the safety shutoff valve in the 
event of low level or low pressure. In 
addition, alarms can be sounded to 
warn of low level or low pressure and 
high level or high pressure 

Starting or stopping of flow to the 
accumulator system can be achieved 
by means of a bypass valve in the dis- 


charge line of the pump or by a 


synchronized suction valve unloader for 


reciprocating pumps. 


COMPRESSED-GAS BAG TYPE ACCU- 
MULATOR. In the compressed-gas type, 
Fig. 6, a synthetic rubber pear-shaped 
bladder is enclosed in a high pressure 
steel shell. A valve, through which the 
bladder is precharged with compressed 
fastened and sealed in one end 
shell. 

bottom opening of the shell, 


gas, is 
of the 

The 
which is connected to the hydraulic 
system, includes a poppet valve with 
piston and dashpot. This valve protects 
the bladder from damage during pre- 
charge or under low hydraulic pressure 
conditions. The dashpot retards valve 
action and absorbs the shock of open- 
ing under high flow. 


Fig. 6—Compressed-gas bag accumulator.—(A) Empty, open 
to atmospheric pressure.—(B) Preloaded with gas.—(C) Gas 


in bag compressed by oil from pump. 
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Theoretical Capacity 
of Gear Pumps and Motors 


A. E. MAINE De Havilland Aircraft of Canada, Lt EXAMPLI Ac what speed must a gear pump operate t 
1eliver 0 gal/min assuming in pitch lia gears, 114 in 
[THIS NOMOGRAM is based on the equation tooth width. and each gear has 10 teeth 


H 0.0036 D&s Р Line I connects the pitch lia and number of teeth. From 


the point representing 50 gal/min (Range 1 Line Il is 


irawn through the intersection of Line I an 


where F flow, gpm 
D pitch dia of gear, in 
J = spec i « 
peed, Y m line since Range was used го establish 
width of gear teeth, in 
Р rear tooth factor | 


1 the reference 
the left end of 
ne Il, the requıred speed 15 rCad at 455U rpm 


o 2.5 


Pitch diameter, D, in. 
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FOR AIR CYLINDER CONTROL... Manual or Electric 
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i 222% 
E 


Hannifin is your 


What air control valves do you need, or prefer? Hannifin 
has all types—for your production lines or the machines 
you manufacture. They include: 

P-M Pilot-Master Valves, solenoid controlled by integral 
Pilot heads (including new-type, dust-tight, splashproof 
am ل‎ that completely meet J.I.C. recommendations). 2$" 
to 1!4". 2-way, 3-way and 4-way. 


P-M Master Valves. +4" to 1!4". 2-way, 3-way and 4-way, 


air operated. For remote control from a wide choice of 
P-M Pilot Valves. 


©= س 
аъ = oe 2‏ 
Fors =‏ 
Sm =‏ 
„с-з H‏ 

SS mS 


best valve source 


P-M Direct-Operated Valves. For direct control of small 
air cylinders. 2-way, 3-way and 4-way. !4" and %4. 
Disc Valves. Rotary and sliding reciprocating disc types 
for hand, foot or electric operation. 4" to 34” 
Micrometric Speed Control Valves for micrometer-like 
speed adjustment through control of exhaust flow. 


4 ·• 


You can simplify your air control problems by standard- 
. . . й е е 
izing on Hannifin. 


Stock Delivery On All Types 


HANNITIN 


l—— MAIL THE COUPON 


a Бо MAMMIEIN 
[] Have Field Engineer call at once 


[] Have Field Engineer stop by soon 


[Г] For the present, just send complete 
Hannifin Control Valves Catalog 


J30 


FOR PROMPT ACTION 


Hannifin Corporation, 525-D S. Wolf Rd., Des Plaines, Illinois 


Company 
Address 
r Zont. o o o ci State 
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HANNIFIN AIR AND HYDRAULIC CYLINDERS 


To the engineer who wants 
the best cylinder— in a hurry 


In the selection and purchase of cylinders look for: 


Completeness of Line. Hannifin makes five lines of air and 
hydraulic cylinders in a range of bore sizes and mounting 
styles to meet every requirement and preference. 


Leadership in Design. Hannifin cylinders are built to ex- 
acting quality standards and extremely close tolerances 
to insure easy, accurate mounting. Hannifin has also 
introduced the externally removable and replaceable bronze 


gland cartridge, the most noteworthy improvement in 
cylinder design in the last 50 years. 


Rapid Delivery. Hannifin can ship the cylinder you need 
in strokes up to 60" in any normal quantity u ithin 48 hours. 


Field Engineers, located in all principal cities, are as near 
as your telephone. Or, if your requirements are really 
urgent, call us at Des Plaines. Experienced sales en- 
gineers will handle your order. 


HANNIFIN 


MAIL THIS COUPON FOR PROMPT ACTION 


Have Field Engineer call at once mim X" 
млині fo | 
=a ] 
we 75 


— 


Have Field Engineer stop by soon 


For the present, just send complete cata- 
log information on Hannifin cylinders 
including prices d 
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MARVEL sj cla FILTERS 


For Hydraulic Oils, Fire-Resistant Fluids, 
Coolants, Lubricants and Water 


For either sump or line installation on all hydraulic and other low pressure circulating systems. 


Both types are easily disassembled, thoroughly cleaned and reassembled in a matter of minutes. Line 
type operates ot full efficiency in any position and may be serviced without disturbing pipe connections 


Choice of OVER 700 O. E. M.'s as Standard Equipment 
MEET J. |. C. STANDARDS 


4 MP PE — — — 


SUMP TYPE 2s 0 CHART 


225550 
225550 
7115550 
225550 
225550 
225550 
225550 
215550 


"Stondord Mesh lofher ovoiloble mesh sizes range from coarse J0 to fine 200) 


SUMP TYPE DIMENSIONAL CHART 


Jo Cmm 


Sump Type 
(Cutaway) 





—— 


© © & 


PARTS 1. Coupling 3. Reinforced Synclinal Insert . Expanded Metal Protective Housing 
LIST 2. Top Cover 4. Bose ond Perforated Centering Tube Neoprene Washers (Top and Bottom) 


—— LINE TYPE 


| LINE TYPE ENGINEERING DATA (++) 





Line Type 
(Cutaway) 


LINE TYPE DIMENSIONAL CHART (++) 





5sic-1.10 


SL8- 14-20 


5$LA-15-30 


$1A-2.50 





Sexe Morvel 
leoromce spoce need not be bek 


vpword imteod of down word, heo he cleoronce spo 


PARTS LIST h fataal Oia — 11. Head Casting 


Tube anc jse ashers (Tc 
ube and Base а 2 s 12. "O" Ring (Smoll) 
otor 
6. Reinforced Synclinol For Hand Nut 


Insert Top Cover 


1. Outer Housing 


2. Tension Spring 
3 ; . 13. Hond Nut 
Metol Woshe 7. Exponded Metal Pro O” Ring (Lorge) — 

4 


Neoprene Gosket tective Housing For Head Casting 
(**) 75 and 100 G.P.M. capacity Line Type Filters also available. See catalogs for Dimen- 
sional Charts and Engineering Data 
Catalogs Containing Complete Data Available on Request 
Catalog 2107 —For Hydraulic Oils—Coolants—Lubricants 
Catalog #200-—For Fire-Resistant Hydraulic Fluids (Aqueous Base) 


Catalog +400—For Fire-Resistant Hydraulic Fluids (Synthetic) 
Catalog £301—For Water 


MARVEL ENGINEERING COMPANY 


7227 N. Hamlin Ave. Chicago 45, Ill. Phone: JUniper 8-6023 
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f Jouble /;:l.« WIDE LINE OF 


HYDRAULIC CONTROL VALVES 


PIPE SIZES: V4" THRU 2" 


OPERATING PRESSURES: MODELS FOR 
2000 P.5.1.—3000 P.5.1.—5000 P.S.I. 


MOUNTING TYPES: CONNECTIONS IN 
BODY, SUB-PLATE MOUNTING, FLANGED 
CONNECTIONS 


BY-PASS and CHECK VALVES 
(for counterbalance and sequence 
applications) 


BY-PASS VALVES (for sequence 


RELIEF VALVES 
and unloading applications) 


REDUCING and 


REDUCING VALVES 
CHECK VALVES 


TRAVERSE and FEED CONTROL PANELS 


SOLENOID CONTROLLED 


FLOW CONTROL 
PILOT OPERATED VALVES 


VALVES DIRECT SOLENOID VALVES 


WRITE FOR NEW FULL LINE CATALOG 
OR CONTACT YOUR LOCAL REPRESENTATIVE 


CALIFORN 


The Rucker Co. 
Los Angeles—Kinball 8271 
Oakland—Olympie. 3-5221 


Alta Engineering Co 

Denver— Empire 6-3557 
ONNECT 

The Airoyal Co. 

Hamden—Chestnut 8.2224 
GEOF 

J. A. Postell 

Atlanta—Trinity 4-8671 


Barker Rockford Co. 
Rockford 

Ranney Engineering Co 
Chicago—Portsmouth 7-4969 


ND 
Tec Engineering Corp. 
Indianapolis— Walnut 3-8538 
Logansport—3305 
Muncie—2-7735 


KENTUCKY 


Seott Industrial Equip. Co 
Louisville—Clay 2238 
UISIANA 
Clem W. Weston 
New Orleans—Magnolia 6228 


MARYLAND 
Colliflower, Ine. 
Ellicott City—87! 


MASSACHUSETTS 


The James Stewart Co 
Amherst—1320 
Brookline—Beacon 2-8989 


MICHIGAN 


J. N. Fauver Co., Inc 
Detroit—Temple 2-4115 
Flint—Cedar 5-5392 
Grand Rapids—5-1247 
Kalamazoo—2- 1684 
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MINNESOTA 


H. U. Rogness, Ine 
Minneapolis—F ederal 3-5595 


MISSOUR 


Lynn Elliott Co 

Kansas City—Victor 2197 
Oscar E. Jost Co 

St. Louis— Harrison 8-4483 


NEW JERSEY 


The Airoyal Co 
Maplewood—So. Orange 2-170! 

The Battersby Corp 
Trenton—Export 3-5350 

NEW YORK 

The Airoyal Co 
New York—Cortland 7-9614 

R. C. Neal Co., Inc 
Buffalo—Mohawk 1110 
Elmira Heights—5168 
Rochester—Glenwood 9390 
Syracuse—75-991 | 


OHIO 


J. N. Fauver Co., Ine. 
Toledo—Waterville 3598 

Lax Industrial Products, Ine 
Cleveland—W yoming |-7700 

Scott Equipment Co. 
Cincinnati—Valley 1-5474 
Columbus—Axminister 1-4697 
Dayton— Kenmore 1146 


КАН 


Leo Johns 
Tulsa—Madison 6-3618 


The Rucker Co 
Portland 


PENNSYIL 
The Battersby Corp 
Abington—Turner 4-6050 


Weinman Pump & Supply Co 
Pittsburgh—Walnut 1-7705 


PRODUCTS CO. 


MANCHESTER, 


MICHIGAN 


Lynn Elliott Co 
Mouston—Charter 4715 
Womack Machine Supply Co 

Dallas—F leetwood 7-3871 


Cardwell Machine Co 
Richmond—7-4593 


The Rucker Co. 
Seattle— Main 2783 


С. L. Thompson Co 
Milwaukee—Hilltop 4-4817 


International Sales Div 
New York Air Brake Co 
New York, New York 
Phone: Worth 4-3580 
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Vickers. Hydraulics 
FOR MARINE APPLICATIONS 


47-408 (1) 


VICKERS Incorporated 





54-70А (1) (5) 


x ы 
V'IckERS MOTORPUMP | 


еы CEOE муо; C Pumps 


FOR AIRCRAFT A 


A-5207 (A) 


HEM POWER 


for SMALLER VEHICLES 


M-5107 (M) 


HYDRAULICS 





55-67 (1) (М) 


SE-15 (A) 
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M Мик. PUMPS 


VARIABLE DISPLACEMENT 3000 ps: 


«LIBRARY FOR THE DESIGN ENGINEER 


(INDUSTRIAL, MOBILE, AIRCRAFT, MARINE, Etc.) 


The bulletins shown here, plus many more, 
offer the design engineer much useful informa- 
tion on the most complete line of hydraulic 
equipment available . . . the comprehensive 
MIKER» line. Vickers Hydraulic Equipment has 
proved its superiority in a great variety of 
applications serving practically all types of 
industry. 


In addition to such bulletins, Vickers has on 
file a wealth of specific application information, 


VICKERS INCORPORATED 
DIVI N F SPERRY RAND CORPORATION 
ADMINISTRATIVE and ENGINEERING CENTER 
Department 1599 @ Detroit 32, Michigan 


design suggestions and other data. These files 
have been built up over more than a quarter 
century of hydraulic experience. 


Whenever you are confronted with a design 
problem requiring oil hydraulics, you will find 
it helpful to refer to the appropriate Vickers 
bulletins. Get in touch with the nearest Vickers 
Application Engineering Office for additional 
specific data you may need. 


Application Engineering Offices: + ATLANTA + CHICAGO 
CINCINNATI + CLEVELAND + DETROIT + GRAND RAPIDOS +» HOUSTON 
LOS ANGELES AREA (El Segundo) + MINNEAPOLIS + NEW YORK 
AREA (Summit, N.J.) * PHILADELPHIA AREA (Media) * PITTSBURGH 
AREA (Mt. Lebanon) * PORTLAND ORE. * ROCHESTER * ROCKFORD 
SAN FRANCISCO AREA (Berkeley) + SEATTLE + ST. LOUIS + TULSA 
WASHINGTON * WORCESTER 
IN CANADA: Vickers-Sperry of Canada, Ltd., Toronto 


ENGINEERS AND BUILDERS OF HYDRAULIC EQUIPMENT SINCE 1921 


Note: — The letter following the bulletin number indicates the Industry Classification. 


(A)— Aircraft products 
(I) — Stationary industrial machinery products 


скен; 
взавшзтооь 


+оз эзаш›то 
HVPE AwLIC STMBOLe 
~~ 


оттон спасите 


Circuitool— (1) (м) (S) 55-69 (5 © 
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(M)—Mobile and automotive products 


(S) — Marine products 


77 E R $. 
Compact 
HYDRAULIC 
CYLINDERS 


55-68 (1) (S) 


* Vickers. | Vice: BT 
SPECIAL / A | IN-LINE 
STANDARD / VatvEs 
LL TOT FOR AiSOÉWI! APPLICATION 
Designed, Developed and Manufactured | 
o the 


* EL SEGUNDO DIVISION 


of Vickers Incorporated 


A-5209 (A) 


HYDRAULIC 
MOTORS 


M-5103 (1) (M) (S) 


[ 





Ж m 


BASE MOUNTED . . 


4-WAY 
WITH INTEGRAL 
FLOW CONTROLS 


PILOT VALVES 


CAM VALVES 


HAND OR FOOT 


SINGLE SOLENOID 
PILOT 


DOUBLE SOLENOID 
PILOT 


„/ MASTER VALVES 


. WITH STANDARD PIPE SIZES: “4, %, V2, 34. 


Full-capacity flow control meters of the Venturi type are built in. Valves 
have a one-piece balanced spool riding on aircraft type packing eliminating 


metal-to-metal contact. 


Pilot valves for four distinct functions are included in 
this line. They are high-pressure operated, low-pressure 
operated, delay actuation and immediate actuated types, 
for automatic and semi-automatic, or sequence of oper- 
ations. 


For simplicity, a direct acting hardened cam roller pro- 
vides control for this series of Master Cam Valves. The 
entire cam head can be rotated to allow a 90° angular 
positioning between roller and valve body. Valve can be 
mounted in any position. 


The hand, foot, or treadle operated line of this series of 
valves provides; | position locking (neutral) with all 
ports blocked, 2-position locking, and 3-position locking, 
and spring centered or spring return spools allowing for 
a wide range of control. 


The single continuous-duty solenoid for pilot control of 
this valve has a maximum power consumption of 10 
watts. This means low inrush and holding amperage, and 
longer micro switch and relay point contacting life. 


Dual solenoids of the continuous-duty type make this 
pilot-operated valve a momentary electrical-contact 
type, thereby allowing the designer the choice of a 
full electrical control circuit. This valve must be 
mounted about its horizontal axis. 


All the above valves ore bose-plote mounted; therefore, after installotion, piping does not 
hove to be disturbed to service these units. Complete information on obove valves will be 


sent on request 


ALL VALVE DELIVERIES ARE MADE FROM STOCK. For prices, discounts, etc., 
please contact Factory. Information will be sent out immediately. 


PHONE 


WESTERN UNION: 
AIRMATIC VALVE INC. 


WOodbine 1-5320 FAX. CLEVELAND, OHIO 


AIRMATIC VALUE, Inc. 


dir Va 


7313 ASSOCIATE AVE. CLEVELAND 9, OHIO 
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| Custom-Built 
BHEW HYDRAULIC CYLINDERS 


i 


SINGLE ACTING DOUBLE ACTING —— — 
x MT COMPACT, EFFICIENT CYLINDERS FOR ANY INDUSTRY 


| : Efficient, small O. D. BHEW hydraulic cylin 
| , , ‘ ders are built on order to serve the needs of 
& ny industry and special application. Avail 
ible in ANY mounting style for 1,500 psi and 
3,000 psi operating pressures, from 1!2" to 8 
bore and up to 156" stroke 
a uM p j Rugged, close-tolerance BHEW cylinders are 


now on the job in a wide range of applications 

including : 

* lift trucks scoop buckets 

е paper cutters telescoping booms 
concrete block clamps 

machines agricultural 


equipment 
straddle trucks Ре 


street sweepers 
steering controls 
professional 


grinders furniture 
And Many Other Uses 


LZ Cylinder Features: * Minimum O.D. and re 
tracted О.А. length * Honed barrels 
Chrome-plated rods available + U-cup or 
ring style pistons * V-pack, spring-loaded 
glands ° High temperature packing. 


WRITE FOR ILLUSTRATED LITERATURE AND SPECIFICATIONS 


Also water and pneumatic cylinders. 


BENTON HARBOR 


ENGINEERING WORKS, INC. 
ST. JOSEPH, MICHIGAN 
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PUMPS 
DEVELOP OIL HYDRAULIC POWER 


2 to 100 gpm— continuous duty operation 
up to 1500 psi—up to 1800 rpm—single 
or double rotation—constant delivery. 


Leakproof oil seals 


Pad mounting 


Fig. 1— Two gear pumps assembled in tandem on common shaft 
deliver independently—can be piped for dual operation or com- 
bined for double capacity single operation. “Pressure Pocketing” 
reduces slippage, friction and wear—volumetric and mechanical 
efficiency over 90%. 

OUTPUT (G.P.M.) 


at discharge pressure psi 


1500 


INPUT (H.P.) 
at discharge pressure psi 


900 1000 1500 








SERIES 
2" 
Performance data for PC and PD pumps having gear widths other 
than shown above can be approximated by multiplying values in 
above table by width of desired 
gear; for PJ pumps multiply by 
1/2 the width of desired gear 


PC SINGLE PUMPS 

3 gear widths, 1/2", 1", 1-1/2". 
4 round shaft sizes. 

pedestal and 3 flange 
mountings. 

tapped ports—side or end. 


PD SINGLE PUMPS 
7 gear widths, 1/2", 3/4”, 
1", 1-1/2", 2”, 2-1/2°, 3° 

8 round and 3 splined 

shaft sizes. 

pad and 7 flange mountings. 
tapped ports—side or end. 


ру SINGLE PUMPS 
5 gear widths, 2", 2-1/2", 3", 
3-1/2" and 4’, 

1 round and 1 splined 

shaft size. 

2 flange mountings. 

tapped or split flange side 
portings. 


A* 


eem n 
"t " 
2 


*When fitted with socket head cap screws. If fitted with hex head 
cap screws add thickness of head. 


MOTORS 


UTILIZE OIL HYDRAULIC POWER 

2 to 68 hp—continuous duty operation 
up to 1500 psi—up to 1500 rpm— single 
or double rotation — variable speed. 


Flange mounting Gear thrust plates 


Fig. 2—Single gear motor can be piped from side on end ports. 
Extra large gear bearings maintain shaft alignment; heavy-duty out- 
board bearing absorbs drive shaft and shock loadings. New leak- 
proof oil seals maintain internal pressure balance. 


INPUT (G.P.M.) 


at input pressure psi 


1000 


OUTPUT (H.P.) 


at input pressure psi 


600 1000 1500 
14 24 


GEAR SPEED 
SIZE (R.P.M.) | 600 





11. 
15.5 
) 158 249 
550 575,102 215 343 


Performance data for MC and MD motors having gear widths other 
than shown above can be approximated by multiplying values in 
above table by width of desired 
gear; for MJ motors multiply by 
1/2 the width of desired gear. 


8 
ә X 
9 5 
a 3. 
э S 
3 & 
J 10. 
J 


0 
1 
1 
2 
3 
4 
5 
8 


MC SINGLE MOTORS 
3 gear widths, 1/2”, 1", 1-1/2". 
4 round shaft sizes. 

pedestal and 3 flange 
mountings. 

tapped ports—side or end 


MD SINGLE MOTORS 
7 gear widths, 1/2", 3/4’, 

1“ ۲ کا‎ Б, У”. 

8 round and 3 splined 

shaft sizes. 

pad and 7 flange mountings. 
tapped ports— side or end. 


MJ] SINGLE MOTORS 
5 gear widths, 2", 2-1/2’, 
", 3-1/2” and 4”. 

1 round and 1 splined 
shaft size. 

2 flange mountings 
tapped or split flange side 


gw = gear width portings. 
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VALVES 


CONTROL OIL HYDRAULIC POWER 
flow performance as much as 20 gpm (05 series), 30 gpm 
(07 series) and 55 gpm (10 series) with back pressure ratings 
under 100 psi, non-constricted flow reduces pressure drop. 


o% | 
Four-way, four position; 

work port blocked in neutral— “a UTLET SECTION 
open in fourth position Top, side, bottom dump or 
Four-way, three position pre beyond porting 
work ports blocked 

Three-way, three position. - 


work port blocked INLET SECTION 
bo 


Top or side porting 
Threaded or split flange connections 


WORKING SECTIONS 


bot Relief valve 


Fig. 3— "Performance Rated" directional control valve consisting of 
inlet, three working and outlet sections assembled into leakproof 
unit. Any combination of working sections can be assembled in any 
sequence into a single space saving unit 


INTERNAL PRESSURE DROP (PSI) 
in one four-way, three position working secti 
loaded —— work ports pressurized 


FLOW (GPM) 


›п when circuit is 


05 SERIES 
07 SERIES 


10 SERIES 
APPROXIMATE OVERALL DIMENSIONS (IN.) 


ә up valve 


| B— screw —slug D—none 
КО ye sections 
G—all werting sssiieno except H and I 


H —four-way, three position 
ports open— spool detent positioned 
1— four-way, four position 


Ay - d ~ 


t cylinder oon 


тт 


10 TANA? 
| 
| 190137 У 14% ру 4% Reda 
$ $ } — — бы 
103 Bo пева 17% 17 %643 1 10:6 36 
OPERATING PRESSURE 2000 PSI pring return or poppet detent 


O-rings seal against leakage— 
dense hi-tensile castings absorb 
stress without distorting. 


NO LOAD DROP 

Positive hold check built into 
each working section prevents 
load drop or sag. 


OVERLOAD RELIEF— PRESSURE 
CONTROL 

Sensitive cartridge type pres- 
sure relief provides safety by- 
pass protecaon against over- 
load of hydraulic system 


spool locating 


Solid spool 


I restriction free 
passageways 


Non-constricting 
positive hold check 


The Commercial Shearing and Stamping Company * Youngstown, Ohio © Chicago, Ill. 
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CYLINDERS 


UTILIZE OIL HYDRAULIC POWER 

single acting, double acting, telescopic 

capacity up to 25 tons— stroke up to 45 inches 
operating pressure up to 1500 psi. 


Removable stuffing box 


Two piece piston 


Bronze packing nut 
Piston packing 


Bronze wear ring 


Fig. 4— Double acting solid plunger cylinder fitted with two piece 
piston. Disassembly for easy inspection and replacement of piston 
or stuffing box packings is a simple field operation. Note there is 
no metal to metal contact between piston and cylinder. 


DOUBLE ACTING 

ROD. DIAMETER 1 1419414142 2 2124 

CYLINDER O.D. 215|27$|3 |378|478|574| 16% |8 |9% 
014. 017,021, 0361061 094. 133.179.242 
010.012. 016; 028.054. 080. 119. 158.220 
3.1 14.0 14.9 18.3 14.221.630.741.3 5.9 
24 | 12.7 13.7 16.5 12,418.527.536.350.9 


PUSH 


DISPLACEMENT PUSH 


EFFECTIVE AREA Pur 


SINGLE ACTING 


PLUNGER DIA. 1 1!4134 2 634 7% 
CYLINDER O.D. 18 274 2%|2%|3%|3% 4%|5% $674 618 |94 

DISPL'CM'T — 003,008,010014,021/026 048077,112.155,210 
err. AREA [08/18 24 3.1 4.9 [5:9 11.007.726.095.848.7 


21, 234 334 434 534 


TELESCOPIC 


SLEEVE DIAMETER 


CYLINDER O.D. 
47$ 57$ 679 8 9% 


DISPLACEMENT 


SLEEVE| CYLINDER O.D. 
4% 5% 6% 8 94 


.037,062}.095} 133.183 


Figures in tables shown in units as follows: diameter—inches, area—square inches 
capacity— pounds, pressure—ibs. per sq, in. displacement— gallons per inch of stroke 


EFFECTIVE AREAS OF SLEEVES 
SLEEVE DIAMETER 234 334 434 534 634 7% 


EFFECTIVE AREA | RATER 


Cylinder capacity, neglecting friction loss, can be approximated by 
multiplying rod, plunger or sleeve effective area by operating pressure. 
e Salt Lake City, Utah 
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ow hydraulic systems are simplifie 
with 2000 psi vane pumps 


Lower weight on mobile equipment with smaller size 
lines, smaller controls. 


Less space to pack more power with smaller size cylinders 
and valves on hydraulic machines. 


Lower cost for test stands which require pressures up to 
2000 psi. 


= “ 


Higher torque, higher horsepower per GPM — continu- 
ously on drilling equipment. 


Vane-Type DENISON hydraulic, 


dint 
[4 ж = 
v > ROTATES 
IN EITHER 
Exclusive balanced vane DIRECTION 
cuts wear , increases volu- 

metric efficiency, reduces 

pulsations. 


DENISON 
-dnOl\l ica 


HYDRAULIC PRESSES PUMPS + MOTORS + CONTROLS 


single stage pump/motor 
INDUSTRY'S STANDARD FOR CONTINUOUS 2000 PSI SERVICE 


Many types of hydraulic circuits are made simpler with 
the 2000 psi system using the Denison vane pump. Less 
space is needed, weight of pumps and controls is lower. 
Line loss inefficiency is greatly reduced because of the 
lower volumes required with a 2000 psi circuit. 

As a pump, this Denison unit has high volume output at 
2000 psi continuous delivery. As a motor, it delivers a 
high stalled torque . . . up to 257 inch-pounds per 1000 psi. 

Write for Bulletin P-5-A for complete specifications on 
Á sizes available for delivery up to 77 gpm as a pump and 
1 to 103 hp as a motor 


DENISON ENGINEERING DIVISION 


American Brake Shoe Co. 
1194 Dublin Road . Columbus 16, Ohio 
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Кр» RECIPROCATING 


T AIR MOTORS 


for automatic push, pull or lifting operations 


Through their record of performance in an infinite variety of jobs across the metal 
working and other industries — and by their long use as 'standard equipment' on 
many famous-name production tools, Lehigh AIR MOTORS have well demonstrated 
their ability to solve full or semi-automation problems in processing and handling. 
By combining a heavy-duty, double acting air cylinder and an air powered 4-way 
valve in one compact unit, they eliminate complicated panel boards, piping or 
controls and can be close coupled in any position. They act with split-second speed 
— waste no air — and will operate for years without trouble or attention. If your 

3 or 4-WAY problem is conversion from hand to automatic operation, you will be interested in 
Lehigh's record of achievement! 


— STANDARD FEATURES — 
Electric control either momentary or € Operation on air pressures of 5 P.S.I. 
maintained. 110V-AC or low voltage. to 200 P.S.I. 


Air control for either bleed or pres- @ Only one air inlet required. One 
sure operation. exhaust. 


4, Speed control in both directions. Ф A wide selection of swivel, foot, nose, 
Р \ Cushion at both ends of cylinder. trunnion, flange and other mounting. 
- 

MINOR AIR VALVES , _ Vo Я, Automatic return stroke in one or @ Bores — 1h" — 2" — 3" — 4" = §", 
AND CYLINDERS M Р D. both ends. Strokes: '2"" to 72". 





Lehigh Air-Engineering service is available nationally 
through factory trained representatives. 


ENGINEERS AND MANUFACTURERS 


Write for name of nearest distributor \ AIR CONTROL Div м 


1500 Lehigh Drive * Easton, Penna. 
or complete descriptive catalogs. 


A COMPLETE LINE OF AIR CONTROL EQUIPMENT 
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1[2(© CUSTOM-DESIGNS NE ii 
All Packings and Oil Seals | ^ | 


| | | 2 и м 
IT'S A FACT. Oil seals, O-rings, packings and other precision molded loci , 
products manufactured by IPC are designed to answer your specific ` f “Garter Spring 
reguirements. Every condition of end use is studied before manufacture 

begins! jonded Washer Se = E 


Whether you require a hundred or a million units, rigid engineering and 
inspection standards ensure custom quality. 

Special compounds and unusual problems are challenges which IPC 
meets and solves daily. Before you specify, why not discuss your problem 
with IPC. It costs no more to have this attention to detail 


INTERNATIONAL 
PACKINGS 
CORPORATION 


Bristol, New Hampshire 


PACKINGS + OIL SEALS + PRECISION MOLDING 
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YOUR DEPENDABLE "ONE-SOURCE” SUPPLIER FOR 
ALL YOUR AIR AND HYDRAULIC EQUIPMENT.. 


y One-manufacturer responsibility 
y One-source manufacturing 
V One-order purchasing 


HYDRAULIC AND 
AIR PRESSES 


ON MD 
pes м! үү 


LA 
у, 


\ 


AIR-DRAULIC 


+ 
. 


| 
т, n 
4 | 
MEMBER: Natl. Mach. Tool Builders S <=] Ns ~ RETURN THIS COUPON 


Assn., Natl. Fluid Power Assn Te tds dile FOR FREE ENGINEERING DATA 


AIR-OPERATED 
VISES AND FIXTURES LOGANSPORT MACHINE CO., INC. 
812 CENTER AVENUE, LOGANSPORT, INDIANA 


PLEASE SEND COPY OF CATALOG: 

C] 100-1 AIR CYLINDERS .] €? SURE-FLOW PUMPS 
(0 100-2 MILL-TYPE AIR CYLS 200-1 HYD. POWER UNITS 
100-3 AIR-DRAULIC CYLS. 0 200-2 ROTOCAST HYD 

Г] 100-4 AIR VALVES CYLINDERS 


] 200.3 750 SERIES HYD 
100- AN A . 
00-5 — SQU RE CYLINDERS 


HYDRAULIC C] 100-5-1 ULTRAMATIC 4 О 


- ws 4 C UC UC OMS UR аз =з аз єз єз жь эш єз єз эз «= єз =з шз зер 


C) 200-4 and 200-7 HYD. VALVES 
IT CYLINDERS [] 200-6 SUPER-MATIC CYLS 
AIR AND HYDRAULIC —— 


] 51 PRESSES 70-1 CHUCKS 
OPERATED CHUCK 
UCKS FACTS OF LIFE ABC BOOKLET 


xX O CIRCUIT RIDER 
PROPERLY DESIGNED 


Logan 

e TO: 
PROPERLY EQUIPPED BY اسر‎ 

— NAME 


COMPANY 


/ 07, YOUR DEPENDABLE "SINGLE SOURCE" ADDRESS 
For All AIR or HYDRAULIC Equipment 
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DELIVERY 
OFF THE 


IN Så ,00 


COMBINATIONS 


CYLINDERS 


OUTMODE ALL OTHERS 
... SAVE 40% SPACE! 


You'll never go back to tie-rod cylinders, 
once you apply T-J Spacemakers to your 
push-pull-lift jobs! Advantages in space 
saved, weight saved, greater strength and 
off-the-shelf delivery are among the dozens 
of Extras you get as Standard! 


Now — these sensationally popular T-.] 
Spacemaker Cylinders are available off the 
shelf in sizes up to 8". This means as many as 
64,000 different combinations of styles, 
bores, strokes, mountings, etc. immedi- 
ately available! Oil pressure to 750—Air to 
200 P.S.I. Super Cushion Flexible Seals for 
Air . . . New Self-Aligning Master Oil 
Cushion. Hard chrome plated bodies and 
piston rods (Standard). Only from T-J 
can you get these new ingenious cushion 
designs! Send for bulletin SM-155-2. The 
Tomkins-Johnson Co., Jackson, Mich, 


Member of the 
National Fluid Power Association 


SQUARE HEADS WITH TIE RODS 

/ 

/ 40% 
7 
/ SPACE 


d nua 
Va Sa val T tn TOMKINS-JOHNSON 


t vides ht room for 
ень е RIVITORS. AIR AND HYORAULIC CYLUINDERS...CUTTERS. CLINCHORS 


IT 
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save money with a seal that needs 
only 60-100 micro-inch groove finish 
to replace O-rings that need 10-20. 


problem: 


22-S aN 1Y2-HO1VHYdMOO HSINIJON2IN 


minnesota rubber’s 
money-saving new 


Why New Design Seals Better 

Quan RiNGS eliminate *''spiral twist", a common 

cause of packing failure. At any pressure, less squeeze 

is required with QuAD RiNcs than with O-rings. Truly 

effective sealing even for pressures as low as 0-5 psi. 

Quan RiNcs also give a positive seal under high vacuum. 

'The 4-lip sealing surfaces reduce breakout and running friction— 
giving longer life. Seal perfectly even with a rougher groove finish. 


Compression. Why Minnesota Rubber Seals Last Longer 
Molded Quan RiNGS are injection molded by exclusive Minnesota Rubber 
process. Result is increased resistance to abrasions and chemical 
actions due to unequalled high density. Evidence of greater density is 
shown here in cross sections of Standard Buna N compound, .027” x .019", 
M.R. Injection magnified 240 diameters by University of Minnesota. 


Free Samples and Data 

Free samples of QuAD RiNcs are available together with a 
descriptive brochure with technical information and installation 
data. QuaAD RiNcs are the result of intensive research and 

field testing. Made to closest possible dimensional tolerances. 
We urge you to inquire about this revolutionary 

new seal today. 


QUAD RING is a trade mark of 


minnesota rubber and gasket company 


Originators of modern rubber injection molding 
Dept. 203, 3630 Wooddale Ave., Minneapolis 16, Minn. Phone: WEst 9-6781 
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CHOOSE BLACKHAWK 


for your product 


PUMP 
A revolutionary piston pump 


at a remarkably low cost! 


SERIES PF-3006 AT LAST! A piston pump in the 
price range of gear and vane pumps 


PF-3006 SPECIFICATIONS 


Surprising new economies and new de 


sign advantages for hydraulically-con 
Max. intermittent pressure (psi) 


24; trolled equipment are created by this 
y i unique Blackhawk piston pump Rated pressure (psi 
The compact PF-3006 Series piston Displacement per rev. (cu. in.) 
\ ^ pump has proven extremely rugged under Max. rpm 
- 


® severe operating conditions. Shaft rota GPM @ 1200 rpm & 100 psi 
tion can be in either direction. It can be GPM ( 1800 rpm & 100 psi 


SERIES PF-3008 -— , N , 

AND PF-3016 ў mounted а any position Fitting ao i Man. hyd io , 
ers available with SAE straight threads Weight fibs.) 
or pipe threads 


SPECIFICATIONS 
PF-3008 and PF-3016 Series SERIES PF 3008 PF 3016 


Rated pressure (psi) 3000 3000 

Disp. per rev. (cu. in.) 0.810 1.568 

GPM @ 1200 rpm & 

standing advantages of the 6000 psi 100 psi i 7.8 

series described below. They permit the GPM ‹ 1800 rpm & enam 

‘vy ps . о. 

application of higher volume at a re Max. continuous speed 

duced rpm C 1800 
Max. hyd. hp 24.5 
Weight (Ibs.) 5 75 


These sturdy pumps incorporate the out 


pressure rating 


SERIES P-237 


High efficiency for high-pressure circuits 


SPECIFICATIONS 


"- three P — тоге n an SERIES ооу оо Rees 

— ——— — for high peus Rated pressure (psi) 6000 6000 6000 

sures They also bring low cost as com Displacement per rev. 
SERIES P-280 pared to other piston pumps—plus up (ev. in.) 

to 95% overall efficiency. The depend Max. continuous 


.576 1.112 185 


ability created by this design and rugged 


construction has been proved by thou- 
sands of field units. Have quiet, smooth 
operation Can be driven in either 


lirection 


speed (rpm) 1800 1800 1800 
GPM delivery at 

1200 rpm & 100 

psi 2.85 5.6 7.3 
GPM delivery at 

1800 cpm & 100 

psi e 7.3 9.5 


Max. hyd. hp 


High pressures produce dramatic re (intermittent) . 24.5 33.0 


luctions in the size of valves, fluid lines Weight (Ibs.) . 75 107 


| cylinders IMPORTANT: One or more pistons can 
be isolated to make a multiple pump. 


in 


SERIES P-240 


Pumps * valves * motors « cylinders Write DYNEX INC., Dept. SWD-561 1500 South Muskego Ave., 


This bulletin is a condensed summary of basic hydraulic г 
: : i ` pat Milwaukee 4, Wis. Am engineering, manufacturing and sales company 
it components. These and other Blackhawk com , =з ' engineering, fa р 


ponents are furnished individually or in complete circuits 


Yo | | i a development of the HYDRAULIC CONTROL DIVISION 
ou are invited to contact us for engineering counsel anc of BLACKHAWK MFG. CO. 


data on this extensive, continuously expanding line 
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HYDRAULIC CONTROLS 


Scores of critical designers and buyers recognize that Blackhawk hydraulics 
create exclusive advantages for the engineering, manufacturing, sale and service 
of their products. Blackhawk has specialized in this field for over 25 years. 


‘‘Power-Packer’’ Pumps 


These famous Power-Packers combine the pump 
reservoir and control valve in one integral com 
pact unit 


Electric ‘‘Power Packer’’ 


Available as a 6-volt or 12-volt operating 
unit with normal operating pressures up 
to 5000 psi 


Hand-Operated 
“Ромег-Раскег’’ 


Available in single and double acting 
styles with normal operating pressures 
ranging up to 6000 psi 


5 H. P. TWIN - PISTON 
POWER - DRIVEN PUMP 


The positive-displacement P-104 pump 
is famous for the amazing perform- 
ance it achieves with its low-cost 
design. Practical for pressures up to 
4000 P.S.I. in intermittent operation, 
At 900 R.P.M it delivers 1.375 
G.P.M. at 4000 P.S.I. with 5 H.P, 
input. 
SPECIFICATIONS 
Recommended maximum es es 1000 P.S.I 
for intermittent use . . . 2500 r cont 1$ use. 
Capacity (at 900 R.P.M), 1.3 
s (R.P.M.! AX 1 Ne 
na eed may be exceeded at reduced 
pressures 
The integral safety valve is normally set 500 P.S.I, above working 
pressure 
Over-all dimensions: 54" 4 3 У." (including shaft) 
— Weight: 18 Ibs, 4 oz 


(CYLINDERS) 


Blackhawk offers a long line ot 
standardized hydraulic cylinders. 
Exclusive, leakproof designs. 
Special single or double- acting 
cylinders are produced on quantity 
orders. 


VALVES 


"VALVBANK" POSITIVE-SEALING 
CONTROL SYSTEM 


The V-68 valve is an open-center, 
series-type precision-control valve. Hy- 
draulically balanced, it handles up to 
6000 P. S. I. working pressures with 
finger-tip actuation. Flow capacity up 
to 6 G.P.M. “Valvbanks” can be built 
up in any combination of single and 
double-acting control units and in- 
clude a relief valve. It is spring- 
returned to the neutral “hold” posi- 
tion, providing "deadman control 

All ports are !2" standard pipe thread. 


SELECTOR - TYPE CONTROL VAL 


The V-66 precision control valve 
for use up to 4000 P.S.I 
G.P.M. Available in “bank 

the V-28. Compact. Normally r« 
mended for use with the P-104 pow 
driven pump. Handle remains in se- 
lected position until manually returned, 


Has *  N.P.T. ports. 


VE 


1 


SINGLE-ACTING POSITIVE CONTROL 
VALVE 


An open-center, spring-return 
gle-acting control valve. Simy 
struction—low cost—rugged. The 
includes a cushioned lowering 
which also allows connection of « 
in series for multiple ram contr 
light return loads, the V-16 
less restriction in returning 
can be used in the control of or 
ram — handling up to 2.5 
maximum flow and 4000 P.S.I 
ating pressure. All ports are 
bushed to 4" N.P.T. for use 
tem that has small volume. 
—6 lbs. 12 oz. 


} 


AUXILIARY VALVES 
Blackhawk Valves are also av 


for remote release and relief ү 
adjustable throttling, manual 
and safety pressure-release. 


HYDRAULIC 
EQUIPPED 


An Emblem 
Representing 
Dependability 
Throughout 
industry 
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HYDRAULIC CONTROLS | VALVES PUMPS | CYLINDERS 
| 


Engineered for space-saving, cost-saving efficiency in Hydraulic Systems 


HUSCO Series 3600 
HUSCO No. 4000 Rotary Swivel Hydraulic Control Valves 


Low cost, highly efficient Rotary Swivel designed for An example of HUSCO advanced engineering, Series 3600 Valve 
offers new compactness in a multiple-purpose valve. Its simpli- 
fied, balanced design provides for single or double-acting plung- 
s , Inaded Тай ers, individual valves for each, adjustable relief valve with or 
use in € lose quarters, No. 4000 has spring-loaded Teflon without float position and alternate high pressure carryover. 
rings, self-centering ball thrust bearing, highly efficient Available in a full range of sizes from 6 to 60 gallons per minute 
for pressures up to 2000 p.s.i., Series or Parallel circuits. 


both high pressure and high operating speeds parti- 


cularly in the brake and clutch field. Compact, fo: 


axial bearings. Size, only 3” x 1! 


HUSCO Custom-Built Hydraulic Cylinders 
HUSCO offers complete lines of single-acting and 
double-acting cylinders, differential type, as well as 
telescoping cylinders. A!l are built to customer appli- 
cation requirements. Their advantages include: 

è Designs to insure concentricity of guides which are 


piloted from the same diameter 


Adequate guides to prevent any bearing load 
against the packings—insuring full life of pack- 
ings and safe-guarding against leakage 

Provision for take-up on packings through adjust 
nut 


HUSCO Gear Pumps 
HUSCO Lever-Operated Check Valves Designed in a variety P 
A compact, low cost valve for positive cylinder lock in hydraulic of types in capac- 
brake line circuits and similar applications. Hi-Chrome Alloy — ities to 5 G.P.M., 
cast iron body, with all parts subject to corrosion Hard Chrome 1500 P.S.I. fo1 
plated. Capacity: %” N.P.T. specific applica- 

tion requirements, 


Check HUSCO First for modern hydraulic units, special con- 
trols-—and engineering aid on all your hydraulic requirements. 


Write for latest details. 


HYDRAULIC UNIT SPECIALTIES CO. 
Pumps * Valves * Cylinders 


WAUKESHA . WISCONSIN 
304 NORTH GRAND AVENUE 
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Guarantee TOP Performance and Maximum Life! 


gel THESE TOP QUALITY FEATURES... 


(Standard on Miller Cylinders at no extra cost) 


Benefits To You 


CASE-HARDENED Piston Rods (52-54 
Rockwell "C") provide practically com- 


ИШ ДЫТ 


pk te protection against damage from ham- 
mer blows, wrench-dropping, mishandling, 
and similar occurrences. Available from 


Miller at no extra cost. 


The HARD CHROME PLATING over 
the case-hardened rods protects against 
scratch-damage and rust. Available from 
Miller at no extra cost. 


T 


Benefits To You 
"TEFLON" Rod Wipers and "TEFLON" 


Hydraulic Piston Rod Seals withstand tem- کک‎ = 
peratures from—100°F. to plus 500°F. They С 

are impervious to practically all known 

chemicals, including the fire-resistant, spe- 

cial, and standard hydraulic fluids in cur- 

rent use. Available from Miller at no 


extra cost. 


oo a 
ar 


Benefits To You 


Highest quality Black Ferric Oxide Finish 


provides rust protection in air cylinder op- 


` 


eration and on all cylinders during ship- 


} 
1 


ping ind. installation 


Cylinder heads, caps, mountings, pistons, 
followers, tie rods, and the unplated por- 
tions of the piston rods have this finish 
at no extra cost on all Miller cylinders. 
This finish not recommended for water 


Service 


p К pt. ) - ! require 
To (Det)... cylinder те, 

“On all att specify t 
ments, E 
quality 


NOTE. On all Miller Hydraulic Piston 
Seals: Leather Cup Seals are standard 
Piston Ring Seals are optional at no extra 
cost, and “Teflon” Cup Seals are available 


features: 


signed 


art 
ASE 


Title- - at extra í 


request. Member of the National Fluid Power Association 


MILLER FLUID POWER DIVISION 


۴ LE 
SALES AND SERVICE FROM COAST TO COAST — at 


CLEVELAND * YOUNGSTOWN * DAYTON * TOLEDO * CINCINNATI «© COLUMBUS | e 
PITTSBURGH © PHILADELPHIA è BOSTON © HARTFORD * NEW YORK CITY |» 
BUFFALO © ROCHESTER + MINNEAPOLIS + GRAND RAPIDS + DETROIT © FLINT =2002-04 N. Hawthorne Ave., Melrose Park, Ill. 
FORT WAYNE e SOUTH BEND e INDIANAPOLIS e MILWAUKEE e LOUISVILLE & 

KANSAS CITY è SEATTLE * LOS ANGELES è SAN FRANCISCO è BALTIMORE 


DENVER • ST. LOUIS è MOLINE * CHICAGO * HOUSTON è ATLANTA AIR & HYDRAULIC CYLINDERS * BOOSTERS * ACCUMULATOR 
TORONTO, CANADA and OTHER AREAS 
COUNTERBALANCE CYLINDERS 





Unique Design Achieves High 


Gear Pump Efficiency 


Ihe gear pump has long been recognized as one 
of the simplest and most dependable pumping mech- 
anisms available. However, at high pressures it 
was limited because internal leakage lowered the 
volumetric efficiency making it necessary for engineers 


Ж " 


nm 


FLEXIBLE WEAR PLATE — r 


Ped 
FRÜNT PLATE : ae 
© 


=. 
2 di 


ANTI EXTRUSION GASKET —— 


BACK PLATE 


Cutaway view showing the internal design of the Cessna pump. 
Fhe pump is recommended for pressures up to 2,000 PSI, 
continuous operation. 


to specify other, more expensive and often less reliable, 
types of pumps. 

Since most of the leakage in a gear pump occurs 
between the gear ends and end plates, especially in 
the area where the gears mesh, it is obvious that if the 
clearance between the gear ends and the end plates 
could be kept near zero at all times, the pump efficiency 
would be greatly improved. This condition is success- 
fully achieved by a flexible, pressure compensated 
wear plate featured in a pump developed by our engi- 
neers. 

The wear plate, made of a steel backed bearing ma- 
terial, forms one wall of the gear chamber with the 
bearing material next to the gears. A narrow space 
between the wear plate and the front plate is divided 
into radially divided compartments by a molded syn- 
thetic rubber seal with a “V” cross section. This seal 
fits with the open part of the “V” down into a cor- 
responding groove pattern in the front plate. An anti- 
extrusion gasket of a harder material fits into the same 
groove pattern being sandwiched between the “V” seal 
and the flexible wear plate. 

In operation, pressure from the output area of the 
pump is directed behind the “V” seal pushing it and 
the anti-extrusion gasket against the wear plate form- 
ing the several compartments. Each compartment is 
connected to the gear chamber by a small hole in 
the wear plate, the exact pressure within each com- 


J50 


partment being determined by the angular posi- 
tion of the small hole within the compartment 

By carefully locating these holes, the pressures in 
the compartments are such that, together with the force 
behind the “V” seal, there is just enough net force 
on the wear plate to deflect it snugly and evenly 
against the gears and, at the same time, hold the 
opposite gear ends in contact with the lapped surface 
of the back plate. Thus, the clearance on either end of 
the gear is never more than necessary for lubrication, 
regardless of pressure deflection, thermal expansion, or 
wear. 

As might be expected, the volumetric efficiency of 
the Cessna pump is substantially better than was pre- 
viously thought possible in a gear pump. The over-all 
efficiency and service life are similarly outstanding. 

The Cessna pump has already proved itself in several 
of the toughest hydraulic applications, such as back 
hoe diggers and complex live pressure systems, as well 
as the more ordinary farm machinery and industrial 
equipment applications. 

In spite of its superior qualities, the Cessna pump is 
economical and, because it features a versatile mount- 
ing and porting system, it is suitable for a great variety 
of applications. We invite your inquires. Industrial 
Hydraulics Div., Cessna Aircraft Co., Hutchinson, 
Kansas 


TYPICAL PUMP PERFORMANCE 


OIL VISCOSITY 290 SUS AT 100°F— ALL TESTS RUN AT 150°F 











14 18 


GALLONS PER MINUTE 





1500 2008 
REVOLUTIONS PER MINUTE 


This curve was plotted from a pump with a displacement of 
1.71 cubic inches per revolution. Other sizes available range 
from .78 to 2.04 cubic inches per revolution. Larger sizes are 
in the development stage. 
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MODEL 120-D SERVO VALVE 


90 to 200 c.p.s. closed loop 


MODEL 190-G 
FORCE MOTOR 


MODEL 400 SERIES SERVO AMPLIFIERS 


PEGASUS offers industry a complete line of high 
performance Electro-Hydraulic Servo Equipment 


SERVO VALVES cover flow rates from 5 to 
160 G.P.M., with natural frequencies from 
Concentration 
dependability 


on long life and maximum 


has been ‘made throughout design and 


manufacture. 


RAM ACTUATORS have feedback instrumen- 
tation mounted concentrically within the ram 
shaft. Strokes from 1 to 10 inches and areas 
from .5 to 5 square inches are available. Preci- 
sion manufacture and double end seals insure 
minimum friction and 


long, leakage free 


operation, 


SERVO AMPLIFIERS are of plug-in, modular 
construction, and include power amplifiers, 
power supplies, transformer demodulators, 
stabilized D.C. amplifiers, and other units re- 


quired for your electro-hydraulic servo loops. 


STANDARD ELECTRO-HYDRAULIC SERVO- 
MECHANISMS are 


your performance and load requirements, and 


designed and tested to 


are checked out at your plant by our applica- 
tion engineers. 


SPECIAL COMPONENTS AND SYSTEMS 
are quoted where performance or production 


problems require some specific design. 


Write us specifying your component or system problems, and we 
shall be pleased to submit our quotation. 


PEGASUS 


LABORATORIES, 1NC. 


ES 
dp 


DESIGNERS AND MANUFACTURERS OF ELECTRO - HYDRAULIC SERVOMECHANISMS 
3692 W. ELEVEN MILE ROAD ^ BERKLEY, MICHIGAN 
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ROTARY AIR MOTORS, COMPRESSORS, VACUUM PUMPS 
OFFER BIG ADVANTAGES AS ORIGINAL EQUIPMENT ON 
HUNDREDS OF PRODUCT APPLICATIONS . . . 


R MO 2 TYPES, 5 SIZES—TO 3 HP 


specifications 
Explosion-proof Gast Air Motors give 


you amazing compactness and light weight output at 60 psi 


for hp rating. You get the advantage of a Е model no. " air pressure 


wide range of variable speeds plus low 1AM .11 hp @ 2,000 rpm 
à i : .21 hp @ 5,000 rpm 
speeds without stalling. They'll start in "- ни 


— | 1AM-NCC-11 
any position. They can't burn out from 2AM р @ 500 rpm 


h 
h 
overloads. Rotor vanes take up their 


е a 4AM 
own wear. Simple, almost service free, 


Gast Rotary Air Motors “fill the bill’ ФАМ " 
in many equipment applications with low 1 hp @ 1,500 rpm 


first cost. SAM 1.0 hp @ 500 rpm 
2.5 hp @ 1,500 rom 


4AM-FCC-1C 2AM-NCW-16 
AIR COMPRESSORS 5 TYPES, 16 SIZES—TO 30 PSI 


specifications i а 
Integral (motor-pump)—Compact, light гес. тах. рге» ў № 
һр net wt* 
‘Ne 


weight, efficient “package” units. Vanes sme po! 


take up their own wear. Compressor model | model no. contin- ес 
wousy | on-of 


rotor mounted on motor shaít for quiet. 
pulseless air delivery. 


Integre! 

Light-Duty — For intermittent service. (motor- 
Quick pick-up, positive displacement. Re- ف‎ 
semble heavy-duty models but without 

fans or deep cooling fins, not needed for 
brief operating periods. Simpler lubrica- 
tor. (Not illustrated) 


16 Ib 0211-P3A-G10X 


22 Ib 
25 Ib 
26 Ib 


8 Ib 
10 Ib 
11 Ib 


2 18 Ib 
12 18 Ib 
1 34 Ib 
1% 54 Ib 
? 54 Ib 


light- 
duty 


ww | 9o 
ооо | ою 


|; 


Heavy-Duty—Fan-cooled—For long, con- heavy- 
tinuous operation. Rotary design gives m 
more air per lb., per hp. Automatic cooled 
lubricator has self shut-off. 


- 
SOM 
ооо ою 


*Weight without base or motor, except integral models. 


«ITEM: TYPES, 16 SIZES—TO 28 IN. 


specifications 
integral (motor-pump) Compact, light 
weight, “packaged” units. Save mounting "AR «f 
cost and time. Especially suited for port- — 


i model model no. сіт — 12 min- 
able equipment. Rotor mounted on motor contin- vtes 
shaft. Rotary design gives quiet operation, uously on-off 


pulseless vacuum Vanes take up own integral 0406 


wear. (motor- 0211 


Light-Duty For intermittent service pump) S 


25 16 Ib 
27 22 Ib 
27 Ib 
28 Ib 


9 Ib 
11 Ib 
12 Ib 


181b 
18 ib 
34 lb 


Give quick pick-up, trouble-free perform- - 
ance. Resembles heavy-dut dels b light- 0240 
without end f : 4 : ar n fi E duty 2 
s ans or deep cooling fins 0740 
Simpler lubricator. (Not illustrated) 

Heavy-Duty-Fan-( cooled — Built for сов. a ores 
tinuous service, dependability, minimum tan- 1065 
maintenance. Forced air cooling, deep cooled n ә 

cooling fins. Automatic lubricator has - 

edi chute. *Weight without base or motor, except integral models. 1065-V4-34 


Јол | лоз | ою | 
оооо ою | о0о | о юш 


ко ھ‎ 


OIL-LESS AIR PUMPS Gast offers you specialized experience in air motors, compressors 


and vacuum pumps for original equipment. Based on 9 design 
eee ae types and 17 sizes, over 200 different Gast models go into pro- 
duction each year. With the various accessories, these models 


sizes, separate РЕГЕ 
have a tremendous number of applications. 


drive — 2 sizes, 
integral - motor. "Air may be your Answer!" Write for detailed information on your application. 
Write for '"Oil- Original Equipment Manufacturers for Over 25 Years 


less". Bulletin. -MOTORS - COMPRESSORS - VACUUM PUMPS 


(TO THREE H.P.) (TO 30 185.) (TO 28 INCHES) ' 
GAST MANUFACTURING CORP., P.0. Box 117-W, Benton Harbor, Mich 


3040-V103 
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Progress Report: 


HOW SCHRADER AIR PRODUCTS HELP 
INDUSTRY USE AIR IN AUTOMATION 


@ More and more 
manufacturing plants 
are using air for effi- 
ciency and economy 


Air has always been an industrial tool, 
but its efficiency and economy are only 
being fully realized in recent years. 
Today, as industry takes giant steps to- 
ward automation, new ways of using air 
for automatic operations are being 
planned, tested and integrated into se- 
quences in many different kinds of 
manufacturing plants. 

Sometimes, when operations are 
automated, the “work” must be held 
and positioned—or moved—and scraps 
or chips cleared away. Other move- 
ments can be synchronized automati- 
cally. By adopting these and other vari- 
ations to make the steps automatic, 
more efficient operation can be ob- 
tained. In many cases, this can be done 
more economically with Schrader Air 
Control Products than in any other way. 


FOR EXAMPLE: 


© Schrader Air 
Products perform 
5000 crimping 
operations per day 


The accompanying schematic drawing 
refers to a common operation per- 
formed by compressed air: box sealing. 
One example of how air has made this 
operation more efficient can be seen at 
a New York arms manufacturing plant 
The use of air compression there has 
eliminated back-breaking foot power, 
reducing operator fatigue and simplify- 
ing the operation. With air power, 5000 
boxes per day are sealed. This kind of 
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Schematic shows typical use of Schrader Air Products for box crimping. 


economy and efficiency is basic with air. 
In many cases it has made the differ- 
ence between profit and loss. 


© Safety margins 
are widened by use 
of special Schrader 
control techniques 


Safety is built into Schrader Air Prod 
ucts. Their simplicity makes it easy to 
adapt techniques and features to opera- 
tions with minimum cost and maximum 
effectiveness. Easy finger-tip and tip- 
toe operation of tiring hand and foot 
movements. Fatigue is reduced and 
production stepped up, with greater 
safety. Schrader has developed pack 
aged control sets to such a degree that 
much of the hazard of press operation 
is eliminated. Two-hand controls are 
designed so hands that feed the press 
must also operate the press. Both hands 
must be used simultaneously and can 
not stray into danger zones when rams 
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come down. Special controls can be 
worked out to provide safer control for 
shears, brakes, friction clutches and any 
machine using a mechanical clutch 


@ Schrader engi- 
neering facilities are 
available to help you 


Upon request, Schrader engineers will 
assist in planning for the most efficient 
use of air in your plant, and in selecting 
the products best suited to a given ap 
plication. Distributors are conveniently 
located to deliver Schrader Products in 
the shortest possible time. Today, these 
products are being turned out in mass 
production quantities for scores of in 
dustries. New products are also being 
designed constantly as acceptance of 
Schrader’s know-how grows 

Write to Schrader for information 

Address A. Schrader’s Son, Division 
{ Scovill Manufacturing Company 
Incorporated, 477 Vanderbilt Avenue 
Brooklyn 38, N. Y. 


USE OF AIR 


FOR INDUSTRIAL PRODUCTION AND CONTROL 
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FLUID POWER 
BULLETINS 


Here is the most advanced line of fluid 


power cylinders and controls in the 


industry. Simplicity of design is the key 


to all the benefits you get with Carter 


units. Cartridge type construction makes 
for fast, simple replacement of parts. This 


means less down-time, less cost to you. 
These units are rugged yet compact, 
thanks to key-type construction — no tie 


rods, no bolts. All mounting styles avail- 


able. Integral steel head and mount, 


completely interchangeable size for size, 


permits production economies, faster 


deliveries. Check into Carter today! 


THESE CARTER ADVANTAGES 


MEAN BENEFITS TO YOU 


Full 1 to 1 Meehanite rod 
bearings...easily replaced. 


Key-type stainless steel 
locking ring permits 360 
rotation of pipe ports . . 

removal of heads in a 
matter of seconds 


leakproof "O" ring seal, 
between head and cylinder 
wall 


Integral cast steel head 
and mount 


Spring loaded "V* packing 
on rod ond gland. 


Precision honed heovy woll 


tubing...61to1 safety factor. 


Piston ring or cup packing 
construction. 


Perfect alignment .. . low 
coefficient of friction . . . 
high efficiency. 


Metal rod scraper, milled 
wrench flats, heavy duty, 
high tensile chrome plated 
piston rod standard in 
all sizes. 


No increase in length for 
full cushioned cylinders. 


Spot-faced mounting holes 
for socket head cap screws. 


Carter Controls, inc. 


2800 Bernice Road 


Lansing, Illinois 


GRanite 4-3305 


———— 
AIR CYLINDERS 


Standard sizes 1*4" thru 8"; stroke 
lengths to 18 feet; all standard 
mounting styles. Complete di- 
mensions, specifications and parts 
data. All essential designing and 
ordering information. Bulletin 
100A. 
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1500 LB. HYDRAULIC 


Carter's heavy duty hydraulic 
unit for pressures to 1500 psi 
Bulletin gives full details on all 
standard sizes, 1% thru 8 

Strokes to 18 feet. Complete parts, 
dimensions and specification 


data. Bulletin 1500 


OR 


CARTRIDGE 
AIR VALVES 


The new Carter cartridge air 
valve is compact, simple, and ha 
many different applications. For 
operation with solenoids, lever 
poppets or palm poppets. Send 
for new Bulletin V-150 


750 LB. HYDRAULIC 


Complete range of standard sizes 
144” thru 8°; strokes to 18 ft.; all 
standard mounts. Complete de 
tails on parts, dimensions, and 
specifications. A light, compact 
cylinder for most design and 
plant applications. Bulletin 750 


JA ITPEI 
BANTEN 


CONTROLS INC 


AIR CYLINONR 
e — ө 
(tamtn tmn 


POWER PACK 
AIR CYLINDERS 


The new Carter Power-Pack cy! 
inder with built-in valve! Auto 
mates any operation. For sole 
noid, air-limit or remote air pop 
pet control. Complete details in 
new Bulletin 125 
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CLAMP-TYPE 
CYLINDERS 


The first all-steel, first line quality 
clamp cylinder to be offered at a 
competitive price. Incorporates 
sll the rugged dependability of 
the standard Carter line. Bulletin 
СТ.1000 
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Moyno designed for pumping ethylene 
glycol, condensate from avtomatic driers, 
hot and cold water in dishwashers. 







Bronze and stainless steel Moyno as used 
in a drink dispenser. Pumps water at 
more than 100 p.s.i.g. 





General-purpose Moyno for pumping oils, 
water, alcohols and caustics. 
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Here's a compact version of a low-head, Versions of this compoct Moyno are ap- Economical Moyno for the appliance 
small-displacement Moyno for accurate plicable as coolant pumps, shallow-well field, designed for use under flooded 


pumping of small amounts. pumps and booster pumps. | head. 






















~The Unueual MOYNO PUMP Mocte Many 
Extremes in Product: Design Requirements 


The Moyno Pump does not crush, 
churn or foam the product. Handles Q [5] PT 
an amazingly wide variety of prod- 
ucts that are not pumpable with 
other types of pumps. 





Pumps potato salad, chow mein, fruit, 
whole-kernel or cream-style corn... 
acids, alkalis, volatile solvents... 
pastes, abrasive slurries, paints, tar... 
cement, plaster, or vermiculite mix, 
Adaptable to heavy industrial machin- 
ery, also to drink dispensers, sprayers, 
coolant pumps, washing machines, etc 
Moynos pull up to 29” of vacuum while 
discharging under pressure. Big Moynos 
can deliver up to 500 gpm. Pressures 
up to 600-plus psi obtainable. May be 
used for metering. Positive displace- 
ment; non-pulsating flow, in either 
direction. Won't cavitate or vapor-lock. 












How The Moyno Works: As rotor (1) turns, cavities (2) move to- 
Just one moving part—no valves or ward end of stator (3) carrying the material being pumped. Material 
pistons. is not crushed or churned. Shaft seal (4), precision ball bearings (5) 
“ á | and drive shaft (6). The Moyno can be designed to meet your specific 
Extremely long lasting—in many problem, as was this small Moyno for the Bendix Economat Washer 
cases the Moyno outlasts other pumps 


by 4 to 1. Rotors or stators easily re- 


placed, but seldom need to be, except SING M 
in extremely unusual service. = ) INC, 


Get Details On The Moyno SPRINGFIELD 99, OHIO * BRANTFORD, ONTARIO 


New Bulletin No. 50 has performance curves тз fs 

and details on small Moynos; Bulletin 30 DN RAA (Bà 

has details on big Moynos. Or write, de- a LT 

scribing your proposed application, and 

our engineers will be glad to work with you Fractional and Household Roists and Large and Small Propellair Industrial 
in confidence, of course. Integral HP motors Fans Cranes Moyno Pumps Ventilating Equipment 





from 1/200 to 200 HP 
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UP TO 11.5 HP OUTPUT 


Roper Hydraulic Pump-Motors — like famous Roper Rotary Pumps — operate 
on the principle of two equal size, smooth-running gears in a precision-fitted 
case. These units offer low speed and high torque, and their versatility finds them 
well suited to heavy duty service within their operating range. They run equally 
well in either direction both as pumps or motors ... can be direct-connected 
without speed reducers are easily installed, and are outstanding in safety and 
economy. Roper Hydraulic Pump-Motors are available in foot or flange models 
as shown. Recommended speed range on larger sizes is from 200 to 800 RPM 
with pressures to 800 PSI. In this range they require from 7 to 40 GPM flow 
and will develop up to 11.5 HP output at maximum speed and pressure. Smaller 
sizes may be operated up to 1200 RPM and up to 800 PSI, requiring a flow of 
16 GPM to develop up to 5 HP output. 


APPLICATIONS 


пе Maci es 


g Work Tat 
Re 


DOUBLE SHAFT 


FLANGE MOUNTED 
FIG. 1628-1630 


FIG. 1615 
FOOT MOUNTED, SINGLE 
SHAFT, FIG. 1627-1629 


т: 


Roper Series F Pumps are used as an integral part of 
high-low hydraulic systems, as well as on positioning 


devices, indexing tables, and other low pressure 
cylinder operations. They are recommended for pres 
sures up to 300 PSI when pumping lubricating oils 


All sizes except 300 GPM can be furnished with 
built-in relief valve, if desired. Series F Pumps have 


many features which promote unusual dependability 
and long life in a wide range of installations 


Bearings and Backplate: Four flange-type bearings 
two on each side give ample support to pumping 
elements. Oil grooves provide hydraulic lubrication 
Rugged backplate carries pipe connections and per 
mits removal of internal parts without disturbing 
piping or drive 


4-Port Design: Eight optional piping arrangements 
four for clockwise and four for counter-clockwise 


rotation. Cuts installation time and cost 


Roper Series H Pumps are used widely for all types of 
hydraulic mechanisms, steel mill equipment and in oil 
field gathering line service where high pressures are 
ше. They are recommended for pressures up to 
1000 PSI when pumping lubricating oils and are de 
signed to operate at direct motor speeds. Mechanical 
Seal units can be supplied, if desired. External relief 
valves are usually recommended for all installations 


Splined Drive: Drive shaft separate from drive gear 
absorbs thrust loads 


Roller Bearings and bronze wear plates, two on each 
side, reduce friction for handling heaviest loads 
Journal and bearing continuously lubricated by 
hydraulic action 


Spur Geers provide highest volumetric efficiency at 
high pressures, and operate in axial hydraulic and 
mechanical balance. They are hardened and accurately 
shaved and ground 


tin Lehs one i016 np 
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The two charts above show representative characteristics of Roper 

Pump-Motors— operating as pumps and as motors at the normal range 

of speeds. These curves are based on tests at 800 PSI using 330 ssu 
. Complete data sent upon request 


(pressures to 1000 PSI) 


SIZES and CAPACITIES—pump head only 
Data is based on average performance of pro- 
duction run pumps on 300 SSU ой at 100°F. 
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1000 Lbs. P.S.. 


) = Flanged connections. Companion flanges not 
regularly furnished. Other sizes ore supplied with 
tapped connections, 


GEO. D. ROPER CORPORATION „» 380 BLACKHAWK PARK AVE. * ROCKFORD, ILLINOIS 





or Teflon’ hose 


...specfy FluoroflextT hose — 
the original Teflon hose proved by 
over 3 years service 


NEST flexible hose yet developed for tough service. 
Lightweight, space-saving, remarkable durability. 
Tube made from special compound of Teflon—completely 
inert to virtually all corrosive fluids and gases. 

SAE 304 stainless steel wire braid—1000 psi working 
pressure. 

Ageless—stays flexible indefinitely from 100°F to 
-500?F. 

Swaged fittings—positive protection against blowoff and 
leakage. 

USES: For all hydraulic fluids, oils, fuels, the most cor- 
rosive chemicals, steam, solvents . . . all under severe 
temperature and service conditions. 


Sizes from !4 to 1!4 I.D. 


«Teflon parts 


... specify the Teflon 
by its properties 


\ ETHOD of converting Teflon powder into rods, 
1 sheets and tubes affects properties. To assure per- 
formance, specify actual properties needed for end 
product. 


Two grades of Fluoroflex-T can deliver optimum prop- 
erties you specify for Teflon parts. 


(1) “Electrical grade"— certified to conform to all im- 
portant electrical and physical properties—meets the 
most critical needs. 


(2) “Mechanical grade”—satisfies all chemical and 
thermal needs with up to 50% greater resistance to 
elongation under load. 


Both grades are stress relieved to assure dimensionally 
stable machined parts. 


(p Teflon is a DuPont trademark. Fluoroflex is a Resistoflex trademark 


RESISTOFLEX 


CORPORATION Ld Roseland, N.J. Western Plant: Burbank, Calif. 
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when 
better performance 


is a must, 


specify.... 


HYDRAULIC PUMPS 


Single, dual and Cartridget type, 
engine or electric motor driven for 
industrial and aircraft uses. Capaci- 
ties from .7 to 60 gpm per element. 
Pressures to 4000 psi. "Pressure 
Loaded"* for higher efficiency and 


longer service life. t Trademark 


FUEL PUMPS 


Vane type for aircraft reciprocating 
engines. High-pressure gear type 
for jet engines, designed to supply 
main, after-burner and emergency 
fuel needs. Gear type for com- 
mercial gas turbine engines. 


FUEL BOOSTER PUMPS 


Borg 


Ch 
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Warner | 
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Centrifugal type. Tank mounted— 
submerged or external; line- 
mounted; or plug-in. Flow to 40,000 
pph, pressures to 40 psi 


STEERING PUMPS 


For heavy-duty power steering of 
trucks, buses and off-highway units. 
Built-in flow control and relief valve. 


ternational 
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@ You are assured of better performance plus econ- 

omy when you design your products with hydraulic 
and electrical components from Pesco. On aircraft 
and industrial equipment, Pesco products provide 
continuous, uninterrupted operation despite severe 
conditions of shock, temperature, pressure, humid- 
ity and duty cycle. 

Standard product lines assure low 
Simplified and proven designs mean longer service 
life with a low lifetime cost. As a final guarantee of 
dependability, every Pesco product is performance- 
checked before shipment. 

You are invited to bring your design problem to 
Pesco . . . or write for detailed product information. 


first cost. 


HYDRAULIC MOTORS 


Compact, gear-type, positive dis 
placement motors for pressures to 
1500 psi. Built for either rotation 
without mechanical adjustment 
Starting torque efficiency over 90% 


POWER PACKAGES 


Optional components include: single 
or dual pump, control valves, relief 
valve, check-hold valve, reservoir 
Engine or electric motor driven 
Flow to 10 gpm, pressures to 1200 psi 


ELECTRIC MOTORS 


Custom design with standardized 
parts for special applications. Maxi 
mum power with minimum size and 
weight. D-c and 400 cycle a-c types, 
1/100 to 11 hp. 


AXIAL FLOW BLOWERS 


Advanced design, self-contained 
blowers with unmatched efficien- 
cies. Space-saving “package” size 
Single and multi-stage units for 27 
v. d-c, 60 and 400 cycle a-c with 
capacities from 16 to 750 cfm and 
over (larger sizes in development ) 


* PESCO'S patented principle of gear pump construction 





... two thousand styles of packings, gaskets, 


and seals to meet all your needs. 


THE ONLY COMPLETE LINE 


Garlock manufactures in its own factories 
a complete line of quality-controlled 


Mechanical Packings and Gaskets. 


In Addition 


KLOZURE* Oil and Grease 
Seals for Bearings 


MECHANIPAK* Seals for 
Rotary Shafts 


Rubber Tubing 

Molded Rubber Products 
Rubber Expansion Joints 
Molded Cups for Industrial Use 


Molded Rubber Products 


Garlock also makes the 
following allied products : 
"Teflon" Packings, Gaskets 
and other products 
Pipe Thread Compound 
Tapping Compound 
Packing Hooks 
Gasket Cutters and Punches 


Lubricating Compounds for 
Packings and Gaskets 


A comprehensive line of rubber compounds, developed in the 
Garlock laboratories, is available for use in the production of 
molded rubber goods. Many of these compounds are also regularly 
made into sheet, slab, coil, gasket, ring, sleeves, tubing, pump valve, 
and discs. Facilities for the development, testing, and production 


of special molded or extruded rubber products are at your disposal. 


Rod Packings For Every Service 


Garlock Packings are made of asbestos, rubber, synthetic rubber, 
flax, cotton, jute, leather, “Teflon”, copper, bronze, cast iron, steel, 
aluminum or lead; and combinations of these materials — for 
service against water, steam, oil, air, acids and other fluids at any 
pressure or temperature. 


White, wire or telephone 


the nearest Garlock Sales Office — see locations below. 
We will have a Garlock Representative call on you. 


*Registered Trademark 


1The Du Pont Company's Trademark 


Cutaway 
view of Garlock 
Klozure Oil Seals 


Gaskets and Sheet. Packing 


Garlock has the facilities to hand cut, die cut, mold or machine all 
sizes and shapes of gaskets in any quantity. Some of the most 
popular gasketing materials, which are also available in sheet 
form, are: 


Silicone — plain or cloth-inserted 


Cork-Fibre — glycerine treated or 
synthetic rubber impregnated 


Vegetable Fibre 
“Teflon” — and ”Kel-F” 


Rubber — natural or synthetic, 
either plain, cloth-ins-rted, 
or wire-inserted 


Asbestos — compressed or woven 
Leather 


Oil and Grease Seals for Bearings 


Garlock KLOZURE Oil and Grease Seals are made with a sealing 
member of oil-resisting synthetic rubber molded to exact size and 


shape. Available with standard finger spring, garter spring or 


without spring. Garlock KLOZURES provide an efficient seal yet 
reduce friction to a minimum. There is a KLOZURE model designed 
for every bearing size and application. Write for Catalog 10. 


ECHANIPAK Package Type Seals 


For use on rotating pump shafts 
at pressures up to 150 p.s.i 
These Garlock MECHANIPAK 
Seals operate with absolutely no 
wear on shaft or shaft sleeve, occupy very small space and come 
completely assembled ready to install. Write for Catalog AD-150. 


Products Made of Teflon* and Kel-F* 


Garlock’s complete facilities enable us to mold, extrude, machine 
or otherwise fabricate (from powder) Teflon and Kel-F to the same 
high quality standards to which Garlock has always rigidly adhered. 
We invite your inquiries on: 


Finished Electrical Parts — molded or machined — of Teflon and Kel-F. 


Sheets, Tubes, Sleeves and Other Shapes Available in Teflon or Kel-F, 
Teflon sheets os large as 48'' square. Kel-F sheets and discs as large as 
48” diameter 


Packings and Gaskets made of Teflon and Kel-F — Recommended for use 
wherever resistance to chemicals is required. Teflon and Kel-F packings 
are available for use on valve stems, pump rods and shafts; Teflon and 
Kel-F gaskets for all types of flanged joints. 


#The Kellogg Company's Trademark 


THE GARLOCK PACKING COMPANY Paimyra,n. v. 


SALES OFFICES AND WAREHOUSES 


Buffalo 
Chicago 
Cincinnati 


Houston 
Los Angeles 
New Orleans 


Cleveland 
Denver 
Detroit 


Baltimore 
Birmingham 
Boston 


New York 
Palmyra 
Philadelphia 


Pittsburgh 
Portland 
St. Lovis 


Salt Lake City 
San Francisco 


Seattle 


IN CANADA — The Garlock Packing Company of Canada Limited, Toronto, Ont. Canadian Factories: Hamilton, Ont. 


Grannocx 


Packings, Gaskets, Oil Seals, Mechanical Seals, 
Rubber Expansion Joints 
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FURNISHES A 


complete 


POWER PACKAGE ! 


Get all your air and hydraulic needs from one source! 


Over 500 standard models in all sizes for immediate delivery! 


HYDRAULIC VALVES—200 Models 


Panel Mounted 

Pipe Mounted 

Direct Control 
Functional 


AIR CYLINDERS —168 Models 


1500 and 3000 P.S.I. Stand- 
ard, spring-return, spring- 
centered, ball detent. All 
piston designs. Hand, foot 


Pipe Mounted Foot 


KEEPER RING DESIGN 
150 P.S.I. air; 300 P.S.I. oil. 


TIE ROD DESIGN 
150 P.S.I. air; 250, 350, 500 


5 


P.S.I. oil. 8 mountings; 10 bore 
diameters; single or double end 
rod; internal or external thread; 
cushioning. J.I.C. Special cov- 
ers. See Catalog 10. 


AIR VALVES— 


Hand 


mountings; 9 bore diam- 
eters; single or double end 
rod; internal or external 
thread; cushioning. Special 
covers. See Catalog 55. 


47 Models 


150 P.S.I. 3. and 4-way. Hand, 
foot, cam, solenoid, and pilot. 
4 4", %4" and 1”. Pilot 
۷ alves in side and foot mount- 
ings—palm, push-button, 
cam, foot, solenoid operation. 
See Catalog 303. 


POWER UNITS—17 Models 


1000 and 1500 P.S.I. Single 
pumps in six tank sizes. 
Capacities .4 to 40 G.P.M. 
Double pumps in four tank 
sizes with combined capac- 
ities 3.5 to 80 G.P.M. 


CUSTOM-BUILT 


Pressures to 5000 P.S.I. For 
unusual space, size, piping, 
valving, mounting, operation. 
See Catalog 400. 


The Better You Know Hydraulics 


cam, solenoid, solenoid pilot, 
oil pilot, air pilot. %4", 5$", 
fe cewe: 2. ex 
See Catalog 204. 

Panel valves conform to J.I.C. 
Greater flow; low pressure; 
shock resistant. Interchange- 
able sizes. See Catalog 261. 


Panel Mounted Solenoid 


HYDRAULIC CYLINDERS—108 Models 


400 and 1500 P.S.I. : 3000 P.S.I 

furr ished 7 mountings; 10 bore 

diameters; standard and 1 

‹ и size rod: single and | 
rods, internal or ext 

tf 1; cushioning 


cwn. inr tuum (0 


Keeper Ring 


HANDY AIDS FOR 
AIR & HYDRAULIC CIRCUITS! 


90 pages of workin ^ cm specifications, 


cut-away views. Get Free Copies Today! ^ 


RIVETT LATHE & GRINDER, INC. 


Dept. PEIO Brighton 35, Boston, Mass. 


The Better You Like 


Member National Fluid Power A 
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"y= 
Leather 


Cup Flange 
Leather Leather 


EXCELSIOR LEATHER WASHER MFG. CO 


ROCKFORD ILLINOIS 


Take a Good Look 


""*Dluthman ^ 
Gusher Coolant Pumps © 


Gusher Coolant Pumps are designed so that they re- 
quire no packing, foot or relief valves. They consume 
less power when throttled and there is no metal-to- 
metal contact in the pump, insuring long life with 
minimum attention. 


RUGGED CONSTRUCTION 


All castings have been strengthened through time-tested 
operation. The one-piece shaft is precision ground, 
which rotates on heavy-duty precision ball-bearings. 


DEPENDABLE PERFORMANCE 


The entire rotating shaft is dynamically balanced to 
eliminate vibration and wear. Pre-lubricated ball. 
bearings with surplus grease pocket require no further 
attention. Your Gusher is always primed .. . ready to 
deliver coolant in a split second. 


THE CHINERY CO. 


ES‏ ا 


1817 READING ROAD CINCINNATI 2, OHIO 


Je2 


Catalogs 
an 
Bulletins 


To obtain copies of literature 
described below, circle corre- 
sponding number on coupon 
at end of this section. 


(V-L) ONE-SHOT LUBRICATORS 
Bulletin 3C, 4 pp, describes three basic 
models, with diagrams showing dimen- 
sions, reservoir capacities and discharge 
volumes. Bijur Lubricating Corp., 151 
W. Passaic St., Rochelle Park, N. J 
(V-2) PACKINGS— Bulletin, 8 pp, de 
scribes split and folded types of Teflon 
envelope gaskets, solid gaskets and 
packings. Raybestos-Manhattan, Inc., 
Passaic, N. J 


(V-3) PNEUMATIC DISCONNECT - 
Specification sheet, 2 pp, gives infor- 
mation concerning construction and 
applications of this disconnect. Con- 
verts any pneumatic connection into a 
straight-through line with pressure 
drop equivalent to that of a straight, 
smooth tubing section. Eastern Aircraft 
Products Corp., 229 River St., Orange, 
N. J. 


(V-4) PIPE AND TUBING—Data card 
TDC-163A, 6 pp, furnishes informa- 
tion on analysis, mechanical and physi- 
cal properties and creep and rupture 
data on many tubing alloys for elevated 
temperature service. Babcock & Wil- 
cox Co., Beaver Falls, Pa. 


(V-5) HYDRAULIC CYLINDERS AND 
VALVES—Bulletin 22, 36 pp, has in- 
formation on 1000 and 2000 psi cylin- 
ders and directional control valves. 
Pathon Mfg. Co., Pacific Ave., Cincin- 
nati 12, Ohio 


(V-6) SOLENOID VALVE—Bulletin 
743, 2 pp, describes valves for han- 
dling air, gas (manufactured and natu- 
ral), propane, butane, water, gasoline, 
light fuel oil and other low viscosity 
fluids. Automatic Switch Co., 391 


Lakeside Ave., Orange, N. J. 
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Sour 


Hydraulic Oil 


Sn 


Fresh and Salt (cold 
Water, Fresh and Salt (hot 


line, Refined 


| 
| 
|2 


Lindol Cellulube 





IN CANADA 





Chlorinated Solvents 
Lacquers and $ jlvents 
Mineral Oil 
Naphthalene 

Pydraul F-9 
Trichlorethylene 
Toluene (Toluol 
Water 


Carbon Dioxide (dry 
Kerosene 


Acetylene 

Air 

Air, Hot 

Alcohols, Aliphati 
Ammonia, Anhydrous | 
Ammonia, Aqueous 
Ammonia Gas 
Benzene Benzol 
Carbolic Acid (Phenol 
Chiorine (wet or 
Diese! Fuel 

Caso 

Gasoline 

Hydrogen 

Hydrolube 

Mercury 
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Catalogs and Bulletins continued 


(V-7) SPEED CONTROL VALVES—Bul- 
letin 253A, 4 pp, has dimensional, ca 
pacity and other data on valves having 
micrometer-type graduations. Hanna 
Engineering Works, 1765 Elston Ave., 


Chicago 22, Ill 


(V-8) HYDRAULIC CYLINDER MOUNT 
INGS—Bulletin 76, 4 pp, contains di 
mensional and other data on universal 
and trunnion types. Hanna Engineer 
ing Works, 1765 N. Elston Ave., Chi 
cago 22, Ill. 


(V-9) O-RINGS Folder, Pp, 
describes seals manufactured from 
thin-walled tubing for applications in 
volving high temperatures, acid, radio 
activity, electronic or corrosive condi 
tions. Advanced Products Co., P. O 
Box 75, North Haven, Conn 


(V-10) AIR OR OIL CYLINDERS 

Bulletin, 6 pp, gives mounting dimen 
sions and specifications on eight stand 
ard styles offered in 1 to 3 in. bores, 
and seven styles in 4 to 8 in. bores 
Recommended for air to 200 psi, oil 
pressure to 750 psi. Tomkins Johnson 


Co., Jackson, Mich 


(V-11) COMPRESSED AIR Booklet, 
20 pp, discusses moisture problems in 
air lines and what can be done about 
them. Accompanying brochure de 


WHAT'S YOUR CLAMPING PROBLEM? scribes method for removing moisture 


from air, hydrogen, nitrogen and natu 
W і T T E K ral gas lines. Van Products Co., 5780 
Old Ridge Road, Erie 7, Pa 
HAS THE ANSWER 


Here is a selection from among the 
many different types and sizes of hose 
clamps designed and manufactured by ЮЕ ine applications. Graymills Corp, 3705 
ing problem, it'sa safe bet that WITTEK N. Lincoln Ave., Chicago 13, Ill 
(leader for over a quarter century) has 
the exact type and size clamp to do the (V-13) HYDRAULIC VALVES—Bulle- 
job right! Let WITTEK help solve your xa i i 
clamping problems. Write today. tin A-5209, 8 pp, describes special and 
standard hydraulic valves for airborne 
applications. Vickers, Inc., Detroit 32 


Mich 


(V-12) PuMPs—Catalog 56, 8 pp, 
describes centrifugal and gear types for 
coolants and for circulating and agitat- 


V-14) HYDRAULIC CONTROLS—Bul 
letin 102, 4 pp, describes control cen 
ters for aircraft, industrial and mobile 


hydraulic systems. Electrol, Inc., Kings 
ton, N. Y 


БР < 


WITTEK MANUFACTURING COMPANY RR PRESA BN cm 


(V-15) PNEUMATK HYDRAULK 


tains details of actuating and control 
equipment. National Pneumatic Co 
Inc., 125 Amory St., Boston 19, Mass 


4338 West 24th Place « Chicago 23, Illinois 
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for MAXIMUM capacity in MINIMUM space... 
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WERSLZ\ Conhol Valves 


IN OVER 110,000 VARIATIONS! 


You can get immediate delivery of Versa Control Valves in any size or actuation, 
to fit your most exacting Hydraulic or pneumatic requirement 
Versa’s compact design, simple construction and precise manufacturing 
guarantees many millions of cycles of satisfactory, trouble-free performance 
All Versa Valves are available in 2-, 3-, 4-, and 5-, way types 
_/ insizes from !&" ќо 1” МРТ and for pressures from partial vacuum to 500 PSIG 


9 


© "s x 
V4 NPT 3 way NS ] & 
Hand actuated 227 
— no spring return 


VERSA PRODUCTS COMPANY INC. 
249 SCHOLES STREET 
BROOKLYN 6, N. Y 
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New Products By 


CN Fitting 


e L & L "CN" seols 
pressure without use 
of O-Ring 
Savings in tools, 
scrap and loss of 
production, also in 
assembly and 
maintenance 
Eliminates stress in 
valves—elbows 
and tees con be 
positioned to 405°. 
Assemble and re- 
assemble without 
damage to port or 
fitting—no need 
for sealing com- 
pounds 
Excellent resistance 
to vibration. 


& LO Ring f tting 


Seals pressure with 

O-Ring 

Reduces installation 

time—no need for 

sealing compounds. 
@ Range of sizes from 

Ya" to 2 


Metering Valv 

Carbon and Stainless 

Steel 

© Pressures up to 
5000 PSI 

e Straight or angle 
valves with mole 
pipe, female pipe 
or tube connections 

è Use os a metering 
or shut-off valve 

e Range of sizes 


from Ye” to М”. 


Flang 


€ S.A.E. bolt hole 
spacing 

e Solid ond swivel 
tube, pipe or weld 
connections 

è O-Ring seol 

e Elbows ond tees 
can be positioned 

e Bolt together ond 
vse as flange 
unions 


Only L & L offers the com- 
plete line of fittings, with 
the widest choice of de- 
sign, for any type of hy- 
draulic piping application. 


| Representatives in principal cities. 
j Write for full particulars to: 


MANUFACTURING COMPANY 
8088 E. Nine Mile Rd., Von Dyke, Mich 


Only L&L gives you a “Complete Fitting Line” 
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FOR FAST HELP 


on 


DESIGN PROBLEMS 


. . . consult the 


PRODUCT INDEX 


of this 


DESIGN DIGEST 
ISSUE 


(Begins on Page 12) 


Every product adver- 
tised in this issue is in- 
dexed there for ready 
reference. 


Among them may be 
exactly what you need 
right now. 


The advertisements for 
all these products will 
give you many useful 
ideas ... and more infor- 
mation is quickly avail- 
able from each adver- 
tiser. 


To get any additional 
facts you want, use the 
handy post cards in front 
of this issue, or the cou- 
pons you'll find at the 
end of each DESIGN 
DIGEST ISSUE Section. 
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NEW WEBSTER 


Tandem Pump Combinations 


Webster Tandem Pump Combinations were developed 
especially to meet the demand for power steering on 
vehicles such as lift trucks, farm and construction 


CUT COSTS FOR equipment. They provide opportunities for substantial 


savings in all applications where two separate hydraulic 


POWE 2 STE FR} NG power circuits are to be served. 


Webster’s Tandem Pump Combinations can be 
and other Dual Applications furnished in a wide range of capacities. For example, for 
1750 rpm installations, capacities of the larger pump in 
the combination can range from 4.8 to 29.0 gpm at 1000 
psi. The smaller pumps, normally used on power steer- 
ing applications, have a capacity range from 1.0 to 4.0 
gpm at 1000 Psi. 
This new Webster development reduces in- 
stallation and equipment costs in many ways. 
For example: 
Only one driving medium «+ Shafts of the two 
pumps are mated to operate from a common 
driving medium, thus eliminating the cost of a 
second drive unit. 
Less hydraulic piping * The two pumps have 
a common inlet, thus reducing the amount of 
hydraulic piping required. 
Adaptable * If only the large pump is required 
initially, this can be supplied with a cover plate, 
which enables later addition of the smaller 
pump without additional inlet piping. 
Compact design * Eliminates many installa- 
tion problems and reduces installation time. 
Overall lengths of typical combinations range 
from 834" to 1014". 

The unique design of Webster pumps 
provides greater flexibility—enables us to 
adapt standard units to solve most special 
problems—thus making substantial sav- 
ings for you. And you get the quality con- 
struction and advanced engineering char- 
acteristic of Webster’s complete line. 


Write today for complete information 


OIL HYDRAULICS DIVISION | 00000000000000000000000000090q 


[O] Please send us complete information on 
new Webster Tandem Pump Combinations 


we E 5 S T é R C Please send catalog on complete Webster line 


Name 


ELECTRIC MÀ i 


Company. 


RACINE * WISCONSIN Street 


on Cn >р 


MANUFACTURERS OF A COMPLETE LINE OF OIL HYDRAULIC PUMPS FROM 1/5 TO 30 GPM CAPACITY 
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MOLDED PACKINGS. 
a complete line forthe design enqier ! 


Palmetto Molded Packings comprise a complete line that en- 
compasses every design need. Designed for you originally 

.refined for you constantly... they are always abreast of 
latest mechanical developments. Make your choice—for better 
product performance: 


A 7, PALMETTO G-T® RING-for use as static or 


dynamic seal in hydraulic or pneumatic service. Seals without 
extruding or spiraling at all pressures to 20,000 psi. Simplifies 
design...reduces machining operations minimizes overall 
size of equipment 


PALMETTO PYRAMID® The champion where a 


multilip seal is preferred. Rugged design Offers plus service 
life when used as a rod, ram, plunger, or piston seal at high 
pressures 


PALMETTO O-RING a popular seal for low and 


medium pressures. Simplifies design—saves space. Also recom- 
mended for gasket applications 


PALMETTO KUP popular piston packing available 


in a variety of fabrications to seal the standard or new syn 
thetic fluids. More resistant to heat than leather will not 
dry out in air 


PALMETTO FLANGE For rod packing in low pres 
sure service, Adaptable to reciprocating or rotary motion. Also 
used as dust seal 


and the NE W Improved 
V dE neo moz 


cylinders made from commercial tubing honed up to .030 over nominal sizes. Same | 
sizes available in synthetic or fabric construction permits interchangeability of 
packing in low or high pressure cylinders. ALLOWS STANDARDIZATION OF COM- | 
PONENT PARTS...INCREASES EFFICIENCY REDUCES FRICTION. ALSO RECOM- 
MENDED AS ROD SEAL | 
Solve your sealing problems with Palmetto Molded 
Packings. Avail yourself of special literature help- 
ful to the design engineer . . . Write 
for Manual MP-200 today 


pasting mas pojoa irde aeng eel 
GREENE, TWEED & CO. vorti wales, pa. | 
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GEAR and VANE PUMPS 
CONTROL VALVES 
RELIEF VALVES 


FLOAT POSITION VALVES 
Model SP Three Spool 
CONTROL VALVE 


Fully 


Balanced 


Self 


Centering 


Adjustable 


Relief 


Capacity 
20 GPM 


Maximum 
Pressure 


1500 PSI 


Parallel 
Application 


Available With One, Two or Three Spools 


Side, Top or Bottom Outlet—Also Power Beyond 


Write for Catalogue—Al 


Dept. Р6 


GRESEN MANUFACTURING CO. 


628 Colfax Ave. N. 


Minneapolis 11, Minn. 


Betcha we make it! 
If it's a float operated VALVE 
— or a float operated SWITCH 


Ir YOUR product involves a float- 
operated valve or float-operated 
switch, chances are we have just 
what you need to perform the func- 
tion you require . . . always better 
and usually at lower cost, 

We can give you an almost end- 
less variety of float-operated valves 
for automatically feeding almost 
any liquid to maintain levels, sup- 
ply, make-up, etc. They cover a 
wide range of working pressures 
and feeding capacities, 

We can also supply an even wider 
variety of float switches . . . for 
stopping and starting heat sources; 
controlling pumps, and so on down 
the list. We even make explosion- 
proof types (Underwriters’ Listed) 
for use in the presence of explosive 
vapors, 

The McDonnell catalog lists 
more than a hundred variants 
of our products. It's a must to 
designers of products involving 
automatic valves or switches, 


M*DONNELL & MILLER, INC. 
3500 N. Spaulding Ave., Chicago 18, III. 


ASK FOR CATALOG 


= 


Built-in type liquid feed 
er. We make more than 
30 types 


Explosion proof float 
switch. We make more 
than 50 kinds of float 
switches. 
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НАММА 
CYLINDERS 


There is a complete line 
of Hanna Cylinders to suit 
all requirements of size 
and mounting in ca- 
pacities up to 250 psi for 
low pressure air or hy- 
draulic operation, and up 
to 1500 psi hydraulic 


for Dependable Fluid Power 


and Reliable Controls HANNA 
VALVES 


Designed to assure most 
efticient control, there 
are many types and sizes 
of Hanna Valves avail- 
able for hand, foot and 
electric operation, for au- 
tomatic, remote and speed 
controls 


It may not take over half a century to design "standard" Hanna cylinder or valve to suit 
and build a superior line of cylinders and valves your ''special" jobs. 
. . . but the experience a company compounds e» A plant engineering staff that backs a nation- 
in that time surely helps. Hanna has that wide regional engineering-sales organization to 
background. help you quickly solve difficult problems—and 
to follow through on all your “needed now” 
requirements. Many Hanna Representatives 
stock the standard sizes and types of Hanna 
К Products—the Hanna Plant, of course, does, too. 
d roducts designed and manufactured to the Whether you need cylinders and controls for 
— highest standards of performance . . . equipment that is for resale, or for your own 
not built. down to a price—although they are plant use. . . call or write your Hanna Repre- 
competitive. sentative (see classified telephone directory or 
e A line so complete that you can specify a Thomas’ Register) or write us direct. 


What does it mean to You, today — in terms 
of cylinders and control valves? — Basically 
these important things: 


Hanna Engineering Works 


. CYLINDERS . . . VALVES 
1763 Elston Avenue, Chicago 22, Illinois 
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LATEST 
CONTROL 
DESIGN DATA 


for hydraulic, 
mechanical and 
electrical 
applications 


Here is complete information 
on a versatile modern control 
of interest to every design en- 
gineer. Available in models 
capable of delivering 50 to 400 
inch-pounds thrust, Sperry 
Hydraulic Remote Controls are 
used extensively by the auto- 
motive, aviation, marine and 
machine tool industries for 
manual or automatic control 
of: 
* Brakes 
* Clutches 
* Throttles 
* Governors 
Rheostats 
Hydraulic Pumps 
Engine Spark Adjustments 
Engine Mixture Setting 
Hydraulic Transmissions 
Fire Extinguishers 
Feed Mechanisms 
Duplication of Motions 


Return coupon for descriptive bulletin. 


SPERRY PRODUCTS, Inc., 
Danbury, Conn. 


Send Hydraulic Control Bulletin 20-106 


Have representative call 
Name 
Company 
Address 


Сиу__ 








Catalogs and Bulletins continued 


(V-16) HOSES, FITTINGS, COUPLINGS 

Catalog 200, 64 pp, provides data on 
fluid line problems encountered by de 
signers of machine tools, trucks, con- 
struction equipment, engines, farm 
equipment and other industrial prod- 
ucts. Aeroquip Corp., 300 S. East Ave., 


Jackson, Mich 


(V-I 
O-RING 
O-rings filled with inert gas 


METAI 


describes 


PRESSURE-FILLED 

Folder, 6 pp, 
under 
pressure. Various metals are used. Pres- 
sure in the ring is normally about 600 
psi. Standard sizes range from 1 to 96 
in. OD. Darcoid Co., Inc., 145 Sixth 
Ave., New York 15, N. Y 


(V-18) O-RINGS 


pp, contains cross reference charts of 


Catalog 5701, 12 


size numbers with dimensional data 
for O-rings for sealing applications and 
condensed charts of maker's standard 
rubber compounds. Parker 


Euclid Ave., 


synthetic 
Appliance Co., 17325 
Cleveland 12, Ohio 


(V-19) FLUID POWER COMPONENTS 

Bulletin, 4 pp, has cross-section 
views of cylinders and valves and data 
hydraulic 
Rivett Lathe & Grinder, Inc., 


35, Boston, Mass 


on both air and models 


Brighton 


(V-20) CUSTOM-BUILT CYLINDERS 

Bulletin 79000, 6 pp, has design in 
formation and data on materials of 
construction used in hydraulic cylin 
1500, 3500 psi or 


1578¢ 


ders available for 
higher pressures. Oilgear Co., 
W. Pierce St., Milwaukee 4, Wis 


( V-21) RATCHET DRIVE LUBRICATOR 

Bulletin, 2 pp, contains a cut-away 
diagram illustrating the lubricator's 
operation. Accompanying the diagram 
is a table listing ratchet arm working 
angles, and reduction ratios for the 
three different models available. Bijur 
Lubricating Corp., 151 W. Passaic, 


Rochelle Park, N ] 


(V-22) HYDRAULIC CYLINDERS 

Catalog, 41 pp, describes line of cylin 
ders, 115 through 12 in. bore, includ- 
ing all mounting data. Hydro-Line 


Mfg Co., Rockford, Hl 

( V-23) SOLENOID VALVES— Bulletins 
! ), 2 pp each, give JIC specifications 

for four-way, four-port valves, in 14, 
8 in Automatic Valve Co 
37415 Grand River Ave., 

Mich 


SIZCS 


Farmington, 


How Miehle-Dexter 
Blowers supply air 
for your product 


PROBLEM: Design any prod- 
uct requiring a blower—up to 
14 psig. of air (or gas). Do 
not increase size, weight or 
cost of product. 


SOLUTION: Only Miehle- 
Dexter Blowers solve this 
problem. Exclusive 3-lobe 
construction provides maxi- 
mum air in minimum size 
blower. Units require little or 
no maintenance. Hundreds of 
applications. Now used as 
powerful new jet engine 
starters in mobile ground 
power equipment. Used for 
pneumatic conveying, agita- 
tion, aeration cooling, venti- 
lating, supercharging. For 
more facts, write for new 
Bulletin 255. 
Typical capacity 
curve for 6 psig. 
delivery ргеѕ- 
sure. Standard 
sizes available 
up to 4000 cfm. 
Vacuum to 15” 
hg. Pressures 
up to 14 psig. 
(90 psig. by 
multi-staging.) 


4012 


| 
MIEHLE DEXTER 


Supercharger Б? 


Dexter Folder Company 


116 Fourth St., Racine, Wisconsin 
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ELECTRONICALLY 
CONTROLLED 


hydraulic 


power 
FOR’ AUTOMATION 


When Champlain Company, Inc., developed 
their amazing REGISTRON for automatic 
color register control on rotary presses, they 
needed a fluid motor that was precise. After 
exhaustive testing of many types, only Eastern 
Fluid Motors met their high standard for per- 
formance. 

Eastern Fluid Motors are lighter, more com- 
pact, and give rapid response because small 
components give low inertia loads. They quickly 
transform electronic signals into smooth flow- 
ing, precise hydraulic power. 

Registrons are installed on high-speed rotary 
presses that simultaneously print as many as 
eight colors on a web of paper that travels at 
speeds up to 1500 feet per minute. Each color 
must be perfectly registered to tolerance of 
.0025" or printing appears fuzzy. The Cham- 
plain Registron inspects the moving web and 
the rotating printing cylinder, predicts the oc- 
currence and direction of an off-register condi- 
tion, and starts and completes a correction 
quickly. 

Eastern is proud to have a part in Cham- 
plain's Registron which has developed auto- 
mation in answer to printing's toughest pro- 
blem. 


Close up of a phase detector with Eastern 
Fluid Motor atop it. The fluid motor supplies 
instant power to move the printing cylinder 
and correct off-registration within a toierance 
of .0025". 


Rear view of 8-color, 36" rotogravure press showing individual Registron control units cable-connected 
to their respective phase detectors. A second cable carries impulses to the units from each web scanner 


HYDRAULIC PUMPS FLUID MOTORS 


If your application calls for precision hydraulic 
equipment that performs within strict 
tolerances, Eastern equipment may provide 
your best answer. For helpful operating data 
on fluid motors, hydraulic pumps, and 
aircraft-type pumps, request catalog series 31. 
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AIRCRAFT-TYP& 


INDUSTRIES, INC. 


100 SKIFF ST., HAMDEN 14, CONN. 


Ji 





TYPICAL 
fip} VALVES 
DISTRIBUTED 
NATIONALLY 
STOP OR START " FOR LIQUIDS 


MIX OR BLEND 


a] 


b 


More than 
1000 4/2) Valves 


t t ef eje ү Model 240Y constant level oil control 
provi e WI e exi | ity valve. 23 basic models for any vaporiz 
ing oil burning appliance. Choice of 

automatic thermostatic control acces 


* + 
in nan ing t ese CONTROL PRESSURE sortes 
DIFFERENTIAL Model 65 water regulating valves—%,”, 
» lo ' and 34”, 65 to 200 psi (F12 type) 


e . J and 1” and 114”, 165 to 300 psi (F22 
7 basic functions wee n t ш дн Е — 
FOR GAS 


CONTROL FLOW 


CONTROL TEMPERATURE 


CONTROL PRESSURE 


Model 55 Gasapack 5-in-l gas con- 
trol combines 100% automatic pilot, 
large pilot filter, pressure regulator for 
city gas, main shut-off, pilot shut-off. 


Model 73 all-purpose | Choice of electric, modulating, modu- 
solenoid available in 4 lating snap, and magnetic snap ther- 
body styles, 3 orifice mostat accessories. 


sizes. n, FOR REFRIGERANTS 
Use Model 73 (right) 


in mechanical refriger- 
ation systems, as two 
temperature valves, and 
as liquid line, conden- 
ser water, suction line 
valves etc, Exceptional- 
ly quiet operation. 
Choice of sizes: 5/32", 


| / 16" { 7/32" Model 209 adjustable pressure limit, ad- 
) ) ant í Me. 


justable superheat expansion valve. All 


r тта surpose type, with A-P liquid charge 
Industrial applications for A-P valves are limitless. As head- 5 " 3 opel. el SE regulating 


quarters for automatic flow-control engineering, A-P will 4 and check valves, filters and driers. 
be happy to work with vou to select or design a valve to E 
solve practically any flow-control problem. Write for 


latest facts on the wide variety of A-P controls. ~ MILWAUKEE VALVES 


ы s а Model 575 Globe Valve 
Ask for a copy of "Solving flow-control problems A complete line of 
angle, gate, check 


DEPENDABLE АЕ. For Air * Liquids * Gases * Refrigerants valves and fittings 


plus specialty types 


A-P CONTROLS pivision for plumbing and heat 
CONTROLS COMPANY OF’ AMERICA 


2401 N. 32nd Street, MILWAUKEE 45, Wisconsin 
COOKSVILLE, Ontario NIJMEGEN, Holland 
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ASTA 


one source for the 
most complete line of 


SOLENOID VALVES 


When you discuss solenoid valve requirements with an 
ASCO Engineer, you are benefiting from the design and 
development experience of half a century. The ASCO special- 
ist can recommend the right valve for your needs because 
that leadership has resulted in the more than 1300 types of 
solenoid valves now available 
Two way valves in pipe sizes from V$" to 6" — for 
temperatures to 600° F. — for pressures to 1500 p.s.i 
Three way valves in pipe sizes from 4” to 6” — for 
temperatures to 450° F. — for pressures to 1000 p.s.i 
Four way valves in pipe sizes from l4" 
temperatures to 212^F 
- poppet or slide type 


to 115" — for 
— for pressures to 500 p.s.i 


And ASCO can supply you with standard, explosion-proof 
or water tight enclosures — Class A and Class H coils—a wide 
range of body materials including cast iron, brass, bronze 
and stainless steel 


There's one source that solves virtually any solenoid valve 
problem — ASCO. Why not have the ASCO Engineer call—or 
write for your copy of ASCO Solenoid Valve Catalog No. 24 


Го learn more about ASCO equipment 
See Section I for data on ASCO Electromag- 
netic Controls—relays, contactors, solenoids, 
complete control panels. 


CORROSION RESISTANT 


Cylinder operated, many 


Compact Saunders type Three way body materials 


Special Bullet Spe 8300 , Bulletin 8338 


Cylinder quen in body} 
Bulletin 8336 


———— — + 


PILOT CONTROLLED 


816 


Water and gas Three way | — awn 


Bulletin 8333 Bulletin 8331 A r 


1 


Bulletin in 8837 


+ 


SPECIAL PURPOSE 


a 
< 
Е A | 


| Pressure pem 1 reset | Bulk loading, кн interiock| Orain valve, w 
Bulletin 802 
I і 


o‏ ے ا — سے سے 


Bulletin 8339 


— — — — 4 
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machine | 


MANUAL RESET 


Safety shut-off 
по voltage release 


Bulletin 8025 


Electrically tripped Free handle” safety shut-off 


TWO WAY — FULL PORTED 


Low pressure General purpose 
t e 3 8 et A 


TWO WAY — SMALL PORTED 


з 
9 “> 


Midget general purpose Fuel oil and qas Explosion proof 
€ 4 Bulletin 8268 tin 8269 


THREE WAY 


Pilot control of diaphragm 
or cylinder 


Explosion proof Midget general purpose 


FOUR WAY 


Midget. general purpose 
Bulletin 8345 


Solenoid Valves 





Н!-10-РАС РИМР 


pac! unit offers: 2 pumps 


16" stroke 
(gear type), 2 valves (sin- 


cade дый д with hydraulic depth stop 
Model 1002 Horse 
reservoir, relief valve 


(1000 psi), filter, delivery power Ram hos 


vp to 12 gpm. Tractor 8,10, о' 12 


Mounting Kits available 
gle action 


HYDRAULIC RAMS 


Model 600 —In one com Medel 1032 и 
CCD DTK VC TI 


ble action convert 


Charla 


HYDRAULIC HORSEPOWER PRODUCTS 


ч 


HORSEPOWER VALVE HORSEPOWER PUMP 


Model 960 with Holdkon Model 400 
trol provides manual or 
automatic return to neu Deliv« 
tral. Has built-in 1000 psi rpm 
pressure relief valve. No 1500 ps 
additional parts to convert 

from double to singl« 


acting 


Hydraulic Horsepower To Serve You Better 


CHAR-LYNN COMPANY 


2843-26th Avenve South, Minneapolis 6, Minnesota 


Member — National Fluid Power Assn. 


F. 
“ 


UOS 


SEAL Г E 
= 


PAT. PENDING 


Prevents future leaks! 


TRU) xa does away with messy pipe 
"dope" compounds, eliminates damage 
coused by overtightening of conventional 
leaky joints, and is immune to ALL known 
hydraulic fluids and to steam, air, water, 
solvents, and practically all gases and 
chemicals. |t withstands temperatures 
from —100° F. to plus 500° F., saves 
cost and labor of special or welded fit- 
tings, and hos been fully field tested and 
proven by leading manufacturers. Comes 
in Ye" to 2'4" pipe thread sizes. 


Write for data and prices 


TRUQ)SEAL O!VISION 


2002-04 N. Hawthorne, Melrose Park, Ill. 


"Miller Fluid Power’ is alse a Div. of Flick-Reedy Corp. 


AKS ` 


antly!| | | HYDRAULIC 


TO P © SPECIAL 


STEAM 


ROTATING 
аш ASSEMBLIES 


B t. 


USED 
ON 
ALL TYPES 
OF 
ROTATING 
TABLES 
AND 
‘tog ASSEMBLY 


4 threads 


into port BENCHES 


Point ia 
desired 


speed Gerotor type pump 
rs 10 gpm at 1750 


Maximum press 


HYDRA - SEAL 
COUPLER — Model 730 


Hose Coupler allows free 
flow when connected. Self 
sealing on break-away 
Oil sealed in, dirt sealed 
out. Free flow allows 
maximum operating 


efficiency 


DOUBLE 
ROTATION 
TWO 
AIR 
RESERVOIRS 


TWO 
INLET 
PORTS 
AND 
AS MANY 
OUTLET 
PORTS 
AS 
REQUIRED 


SIZES 
1 i TO E" 
INC. 


direction FREE FLOATING—NO BINDING 


ROTHERM ENGINEERING CO. 


7280 W. DEVON AVE. 


CHICAGO, ILL. 
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ВАВСО 


WHEREVER PIPING CONNECTIONS MUST MOVE, look 
to BARCO for the ANSWER! Whatever your problem, Barco, 


À invariably, can solve i /TTER, EASIER, IICKE 
The Only Complete has of m iriably, can solve it m EASIER, and QUICKER 
with a tested and proven joint right out of the standard Barco 


BALL e REVOLVIN G line. This is because Barco builds a truly complete line of 
SWIVEL e SWING flexible ball, swivel, swing, and revolving joints — there is a 


size and type for every purpose! Submit your problem; ask 
О $ je 7 for recommendations — Barco is at your service. 


we) Flexible 
E BALL JOINTS 


^ 
y for Angular Flexing and 

NS Swivel or Twisting Movement 
This is a versatile, general purpose design suitable for many 
applications. Standard the world over where low cost, leakproof, 
movable joints are needed in piping handling steam, air, water, 
oil, gas, or chemicals. One joint will frequently serve the same 
purpose as several one-plane swing joints. Up to 40^ side flexi- 
bility plus 360^ swivel action facilitates quick connection of piping, 


overcomes misalignment. Pressures to 4,500 psi; temperatures to 
1,000 F. 12 styles, sizes from 1⁄4” to 12”. 


Lea kp roof 


JOINTS 


for Continuous Rotation 


REVOLVING 8 


VVV 


Barco design insures trouble-free performance, minimum roll drag, 
and up to 50% power savings. Inherent low torque is little affected 
by increasing pressure, speed, or temperature. Parts are easily 
accessible. Light running action minimizes wear, permits free- 
floating installations. No adjusting necessary — long, leakproof 
service. Ratings to 250 psi (steam); 450 F. Single flow or syphon 
styles. Sizes %4” to 2" and special to 5". Wide choice of styles. 


High Speed 
m REVOLVING 
» JOINTS 
for Clutches, Chucks and Machine Tools 


V4" Type NV. Used in making high speed, leakproof rotary connec- 
tions for pneumatic, hydraulic, or coolant lines. Light running, sealed 
ball bearing design handles both radial and end thrust with low 
torque ond minimum wear. Easy to install where space is limited; 
economicol. Precision built for rugged service. For speeds to 
2500 RPM; pressures to 300 psi (air) or 1500 psi (hydraulic). 


IBARCO MANUFACTURING CO. 


| Products checked at right: 


Self-Aligning 
SWIVEL JOINTS 


for Swivel Motion 


Specially designed for steam service and widely used in making 
compact, low torque connections to reciprocating or hinged parts 
on platen cnd tire presses, construction machinery, die casting 
machines, oil burners. Barco's self-aligning feature provides side- 
flexibility (up to 10°) which speeds up installation and prevents 
binding. Easy to position piping accurately—no sagging, flopping 
lines. Leakproof, pressure safe. Ratings os high as 750 psi steam 
and 600 F., 3,000 psi (hydraulic). Sizes, %” to 2”; angle or straight. 


Plane 
SWIVEL JOINTS 


for Hydraulic and 
Pneumatic Service 


Here is a new light weight, low cost “single plane” swivel joint? 
for small piping or tubing. Also used as swivel connectors for 
hose to eliminate torsional working stresses and long radius bends 
Built with ball-bearing or thrust bearing. O-ring seal. Very low 
torque under pressure. Choice of styles; sizes Ye", %", %4", 3%" 
for service to 2,000 psi,—20° to 225°F. Other types available for 
higher ratings. 


"Controlled Torque” 
SWING JOINTS 


for Loading Racks, 

Fueling Assemblies 
Built to support piping and provide for swing movement in 
handling gasoline, oil, alcohol, and other fluids. Special ball 
bearing, long sleeve design with exclusive “controlled torque” 
action permits uniform, easy movement, but prevents annoying 
uncontrolled swinging. Single swing, double swing, and counter- 
balance styles with counterweights to meet every need. In steel, 
malleable iron, or Bar-Ductile metal, sizes 1”, 1/4”, 2", 22”, 3”, 
4”, 6”, 8”, 10", 12". Also complete loading line assemblies 


FOR INFORMATION 


BALL JOINTS. Catalog 2158 


PLANE SWIVEL JOINTS. Catalog 406A. 


| BALL BEARING TYPE SWING JOINTS. 


ue SEND 
c C] 
- 552 Hough Street, Barrington, Illinois () SWIVEL JOINTS. Catalog 2658. 
: o 
۱ I Gentlemen: = 
y і Р! 1 inf d b B |_| REVOLVING JOINTS. Catalog 300A. 
5 € é D 
j lease send me information about DarCO C) TYPE уц юн. сиде 307. 


| Name 


I — 
į Company 


i Address 
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Catalog 4004. 


] INSULATING (Electrolytic) JOINTS 
for Piping 


| SWIVEL JOINTS FOR AIRCRAFT. Catalog 269A. 
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CYLINDER HEADS 
HYDRAULIC PRESSURES 
HIGH OCTANE FUELS 
AIR PRESSURES 
VACUUM CONNECTIONS 
VAPORS AND GASES 
OILS AND SOLVENTS 
STEAM CONNECTIONS 
CHEMICALS AND ACIDS 


Quoted from a METALS 
customer's test report 


(Application: Air Reservoir Bottle) Steel-SAE 1020 (Not 


*... have run 13 cycles on this ring (U-2214-01500-SE) 
which takes it from -65^F. to 400^F., back down to Recommended for Self- 


-65°F., releasing the pressure and cold soaking for 12 Energizing) (Special) 
to 24 hours and then pressurizing . . . with 3000 psi and 

bringing it back to 400°F,... quite pleased with the Stainless Steel — Type 
results, UAP is the only manufacturer that has supplied 321 (Standard) 


a satisfactory seal to date... that can exceed 8 cycles Inconel (Special) 
without leakage This is a continuing test. 


22 pages of engineering data—write for your copy today (on 
your company letterhead please) to Department F-§ 


FOR LARGE OIL SEALS 
IN SMALL QUANTITIES 
AT. THE LOWEST COST SEE 


YEA | Foster's AUTOMATIC Quick Detachable Coupler 
Universal's unique теби CUTS YOUR COUPLER COSTS 
si easton ا‎ ON HEAVY DUTY WORK 


large diameter oil seals is ideal 


for experimental and small 


quemy edem. Smaller and Lighter Than Most 
= Light-Duty “ball-type” Couplers 


Precision-built to give long, 


efficient, trouble-free service— | S THE FOSTERMATIC 
all Universal Oil Seals 'specially “BULLDOG” GRIP 
“Dogs” are contoured 
à 4 to grip 4196 of plug 
self-alignment and automatic 1 i locking surface. 


engineered for floatability, 


take-up. 
*Dogs'' instead of 


CTA y, 2 Rd kant dem 


without leakage . . . posi- 


purpose! | 7) tioned by “floating steel 





carrier’’ which absorbs 
vibration of pulsating air. 
Chrome sleeve is of stress- 
proof, heat treated steel to 
withstand roughest treat- 
ment. The Fostermatic is 


ш right for 90% of all uses. 


UNIVER SAL ~ Send for New Catalog Data Book #110— No Obligation! } 


OIL SEAL CO. | din FOSTER MFG. CO., INC. 


P.O. BOX 74 = 2850 Gravois *  St.lovis 18, Mo. 
PONTIAC, MICH. | ЕОЗ. 5356 Dept. 18-C 
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اس 


eering t from East 
f 


- { 
س‎ Action prot 
Des Wa asy Мер et 
Eastman .U . n 


Guarantees 


a ото" 


уу, 
ед 


ет 
Unions 


SAFEGUARDING 
INDUSTRY'S 


. 
* 
„и bile 
tor free catalog 104 of 
on Eastman Hose 
Couplings and Bul- 


letins 231B & 2328 Since 1914 


on Straight and An- ors -57, Manit i i 
ооб Dept. PE , Manitowoc, Wisconsin 
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LEIMAN 


Rotary 


AIR PUMPS 


VACUUMS 
up to 29.9” Hg 


PRESSURES up to 20 Ibs 


Сл Сием! 


МЕТАШС 
ROD WIPERS 


Two flexible bronze 
rings, with knife-edge 
conical surfaces 
mounted in synthetic 
rubber, lift all harmful 
material off the rod. 


MONOPAK 
CARTRIDGE 
Combines packing, 
bearings and rod 
wipers in one compact 
unit. Easy to install or 
replace. No adjust- 
ment. Tamper-proof. 


Patented Leiman Wings take 
up their own wear — maintain 
rated capacity for years and 
years. 


AUTOMATIC WING ADJUSTER 


MONOPAK 

ROD PACKING 

A carefully engineered 4 

and thoroughly tested d n 

combination of tough, Perr 
long wearing, low fric- \ = Л. ИЙ) 
tion sealing rings and ` | | 
resilient, synthetic rub- 


-WING TYPE. Vacuums to 20" 
Hg.; pressures to 15 1Ьз.; displace- 
тем to 162 cim. Wings hinged to 
pistons maintain continuous sealed 
contact with cylinder walls by cen- 
trifugal force. Small pistons, large 
eir chambers, greater capacity. 


m 


ae 


E" after 10, 15 and 20 
years of continuous 
service, Leiman Air Pumps 
run extremely quiet and 


2-WING TYPE. Vacuums to 29.9" 


Hg.; pressures to 20 Ibs.; displace- 
ment to 40.8 cfm. Automatic wing 
adjusting lever forces wear-resistant 


ber cushions. 


steel blades to cylinder wallis, pre- 
venting sticking or binding, main- 
taining positive vacuum or pressure. 


trouble-free— provide full, 
pulseless vacuum or pres- 
sure—require little or no 
maintenance, except lubri- 
cation. Precision-made 
with fewer parts, no pack- 
ing, nothing to get out of 
order. Over half a million 
installed during past 60 
years. Design Leiman de- 
pendability into your equip- 
ment. Consult our engi- 
neers on any application. 


MONOPAK 

PISTON RINGS 

FREE ENGINEERING DATA | | \ For one piece or two 
MCOT piece pistons. Fluid 

P i pressure creates tighter 

| i seal. For oil,water, air 

or ammonia. 


Application Book showing 60 
"how-to-do-it" blueprints of 
actvol applications. 


16-page Catalog showing con- 
struction, types, sizes, copac- 
ities, etc 


Write for complete catalog. 


HYDRAULIC 


LEIMAN BROS., Inc. ACCESSORIES CO. 


Christie Street, Newark 5, N. J. 


107 


AIR PUMPS * AIR MOTORS - SANDBLASTS * DUST COLLECTORS 
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HELP PREVENT 
ABRASIVE ACTION 


FOR USE WHEREVER DIRTY LIQUIDS ARE 
COLLECTED, FILTERED AND RE-CIRCULATED 


Staynew construction with Radial Fin Insert provides maximum filtering 
area in minimum space. Wide range of media available. Also designed to 
special requirements with little or no engineering costs 


“ “ба 


SPECIFICATIONS 


| MAXIMUM AREA  Kapecity G.P.M. "| APPROXIMATE OVERALL DIMENSIONS | APPROXIMATE 
PIPE SIZE SQUARE жтт әк! I WEIGHT 
INCHES FEET 100 Mesh | 200 Mesh Height | Diameter | 185 


MODEL HE | | к BE | | | 


Hydraulic Filter ' s'h 


Ph 
Radial Fin Insert е | 1 - «а 
Coarse Screen Backing 
Perforated Supporting Tube 

. Thick Felt Gaskets 
Threaded Outlet Sleeve 
Upper and Lower End Plotes 


‘imple to disassemble in 30 seconds. Consists 
merely of unscrewing wing nut at bottom and 
drawing out Radial Fin Insert. This may be 
cleaned with solvent or brush or replaced at 
low cost. No need to remove filter from line 
to take out insert. 


FOR AIR AND 
OTHER GASES 


REMOVE DIRT AND PIPE SCALE FROM 
COMPRESSED AIR LINES 


Staynew Pipe Line Filters are designed especially to protect air-operated 
tools, pneumatic controls and vacuum pumps. They filter compressed 
air under all pressures and temperatures, natural and manufactured 
gases, and for other applications where air or gas must be kept clean 
and dry 


SPECIFICATIONS 
Capacity Ratings in CFM Free Air at Various Pressures 
*(Standerd connections are female pipe threads) 


Approximate 
Overall ^n v in Pounds Per Square Inch Gauge 
Dimensions 


Inches e 


20 40 LU | 100 | 125 | 


Diam Lengt! 9 


MODEL CPH (Stenderd Belted Heed) 


13 25 55 n 125 
15 45 | 105 | 165 | 225 
17 "o 140 220 | 300 
20 100 233 зк 500 
› 200 4% 730 | 1000 


MODEL CPH 
Pipe Line Filter 


MODEL CPHS (Swing Bolt Head) 
1......Heavy Pressed Steel T , 
a CP 48 | 5 5 к 0 0 5 6 
2......Deflector Cup | CPHB-02 з | 6 10| 2| 37| 6 76 
PHB! 7 ` х 46 100 27 153 

3......louvered Housing - 
4......Radiol Fin Filter Insert 
Large Capacity Base > | cme | 15 : z 


PH 5 58 92 | 125 191 
PHS-1 5 105 j 225 44 
PHS-2 | 7 LU 149 22 300 459 
2 233 ^ 500 ^ 766 
' i inci j PHS-5 м | 2 200 465 7 1000 27 1530 
Staynew's double action principle of me- Е: SIZ : :ا‎ Иде | Но) МЮ 

chanical separation ond filtration assures 
PHS? | 2 5 350 s16 2 1730 | 22: 2670 


sustained trouble-free operation ct high load t PHS7A | 26 50 | 1050 2250 1440 
8 PHS- ) 1398 | 22 3009 4590 


*CPHS-8 has 1259 ASA Flanged Connections. 


i DOLLINGER 


CORPORATION 77 Centre Rochester 3 


ALL TYPES OF FILTERS FOR EVERY INDUSTRIAL NEED 


Product Engineering — Mid-October, 1956 





Works wonders with 


hydraulic lines 


Chiksan Swivel Joints rotate full 360° in 1, 2 and 3 planes 
handling air, hydraulics, fuels, water, oil and other fluids. 


LM SWIVEL JOINTS 


Give metal lines the flexibility of rubber with the safety 
and service life of steel. And with free swiveling 360 
rotation, Chiksan Swivel Joints eliminate line failure due to 
bend radii and torsion fatigue. 


Investigate Chiksan Swivel Joints for application in your 
plant and on your products. Their modest cost is quickly 
repaid in savings of down-time, replacements and 
maintenance. 


Installed on hydraulic lines of a Salem-Brosius 
forging manipulator, these Chiksan Swivel Joints 
have been in continual service for over 3 years 
with no down-time to dote. 


A SUBSIDIARY OF FOOD MACHINERY AND CHEMICAL CORPORATION 


® CHIKSAN COMPANY — BREA, CALIFORNIA * CHICAGO 5, ILLINOIS * NEWARK 2, NEW JERSEY 


Well Equipment Mfg. Corp. (Division) Houston 1, Texas * Chiksan Export Company * Chiksan of Canada, Ltd., Edmonton, Alta. 
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Getting more service hours per dollar 





HOW TO 


SPECIFY 


FLEXIBLE METAL HOSE 


3 simple steps can help you select metal hose 


for best results and 


The important job of selecting the most economical, the 
one right flexible metal hose for your product or trans- 
fer problem can be greatly simplified by following 
these 3 steps: 


1 Send exact specifications 
Complete and exact statement of operating conditions 
will go far in saving vou money on flexible metal hose 
First, it assures you that the connector you get will 
live up to your expectations. And, second, that manufac- 
turers won't bid on hose that's “over-engineered.” You'll 
save in the long run because you'll get the right assem- 
bly for every job. 
Here is the information we need before we can give 


you our best suggestions: 


A PHYSICAL REQUIREMENTS: 
1) Over-all length (including fittings) 
2) Diameter (1.D. and O.D.) 
3) Fittings—size, type 3 style of thread 
4) Tolerances permitted 
5) Quantity required 


OPERATING REQUIREMENTS: 

1) Material to be conveyed 

2) Operating pressures—is there shock? 

3) Operating temperatures 

4) Movement-lateral and longitudinal 

5) Vibration conditions? 

6) Expansion and contraction require ments? 
7) Corrosive atmosphere? 


Send sketch of proposed installation if available. 


BASIC TYPES 


CORRUGATED and 
STRIP-WOUND. In a 
wide range of sizes 
and styles in any 
workable metal: 
Bronze, Brass, Alumi- 
num, Stainless Steel. 
Various fittings. a 
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longer service life 


2 Use standard metal hose where possible 

Many standard connectors have been developed to 
meet problems common to many finished products—i.e 

vibration. Often a standard metal hose will answer your 
needs as well as a special item could. We can often save 
you money if we know operating requirements. 


3 Call the Man from Anaconda to help you 
select, specify, test 


When selecting or specifying flexible metal hose, you'll 
find American’s staff of trained engineers of invaluable 
assistance. Their advice and suggestions may help you 
solve or avoid many costly problems. 


NEW INFORMATION 

American Flexible Metal Hose and Tubing Catalog 
puts all the information you are looking for—both tech- 
nical and general at your fingertips. Get your copy 


today, free of charge. Mail coupon below. 


REVER CONNECT, 
м Ое; муст моме 


AMERICAN 


FLEXIBLE METAL HOSE AND TUBING 


an ANACONDA product 


THE AMERICAN BRASS COMPANY 
Americon Metal Hose Division, Waterbury 20, Conn. 


Please send me your free Quick Reference Catalog 
CC-400 containing basic information on all types of 
metal hose and tubing, fittings, etc. 


NAME & TITLE 
ADDRESS 
COMPANY 


CITY, ZONE, STATE 


l—————————————————mG 
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Catalogs and Bulletins continued 


* e. (V-24) AIR CONTROL VALVES— Bul 
e COI û es letin, 4 pp, describes 17 different lines 
of air-control valves and accessories 


Airmatic Valve, Inc., 7317 Associate 
Ave., Cleveland 9, Ohio 


(V-25) MoroR PuMP— Bulletin 1020, 
i pp, includes full details on perform 
ance, diversion and operating princi- 
ples. ( hempump € orp., Station J, 1300 
E. Mermaid Lane, Philadelphia 18, Pa 


( V-26) AIR SEAL AND TIMER ASSEM- 
BLY— Bulletin ML-125, 4 pp, describes 
unit which serves as combination rotary 
air seal and cycle timing device. Airflex 
Div, Fawick Corp, 9919 Clinton 
Road, Cleveland 11, Ohio. 


(V-27) PNEUMATIC EQUIPMENT AND 
INDEXING TABLES Catalog, 45 рр, 
describes line of cylinders, valves, 
clamps and dial feed indexing tables. 
A. К. Allen Co, 57 Meserole Ave., 
Brooklyn 22, N X 


(V-28) SOLENOID VALVES—Bulletin 
K, á pp, describes and iilustrates addi 


tions to line of stainless steel valves. 
J. D. Gould Co., 730 E. Washington 


Long Life and St., Indianapolis 2, Ind 


(V-29) ROTARY PUMPS Catalog 


* 55, 12 pp, gives details of construc- 
enduring accuracy 


tion, dimensions, capacities and per 


2 e e formance curves on line of air and 
IS built in! vacuum pumps. Leiman Bros., 102 

т Why HELICOID Gages Christie St., Newark 5, N J 

e Sustained accuracy of HELICOID Gages last longer! 
through years of hard service comes Socket (1) is one-piece drop log 261, 8 pp, has file of data on panel- 
from superior design and construction. forging, streamlined to reduce cd MEME licen айл 
The HELICOID Gage has many unique possibility of и » views of piston designs, spools, п 
and exclusive features. It is not only a они айша | symbols, interchangeability of parts. 

pressure instrument of the utmost pre- ) 


isi hat requires but a mini- Tube is welded to forged socket Rivett Lathe & Grinder, Inc., Brighton 
cision but one that requires but : (2) and tip (4) 55. Boston, Mass 


(V-30) AUTOMATIC VALVES—Cata- 


X f maintenance throughout a long 
— - E " Connecting link and link screws 
service life. 


(5) are K Monel. ( V-31) SOLENOID-OPERATED VALVES 


rp а ? Р » €— ‹ i 
The smooth rotation of the spiral Helicoid movement (6) is cor- Catalog JC, 8 pp, includes valve 
movement and cam outlasts and out- rosion resistant 


І dk. анган characteristics, flow patterns, overall 
performs other gage types. There are 


* Phosphor bronze tube also dimensions, photographs and ordering 
no gear teeth to wear out. available. 


data. Barksdale Valves, 5125 Alcoa 
HELICOID Gages are available to meet Ave., Los Angeles 58, Calif. 
every type of pressure indicating re- è 
quirement. Ranges are from 15 to 20,000 (V-32) PISTON AND SEALING 
p.s.i. and vacuum or compound. RINGS — Brochure, 8 pp. Technical 
data and descriptions of the physical 
properties of the eight alloys used in 


Tr — these unbreakable piston and sealing 
Helicoid Gage Division 


rings are provided as well as the co- 


AMERICAN CHAIN & CABLE efhcients of friction. Precision Piston 


Rings, Inc. of Indianapolis, Dept. B- 
297 


227, 1417-1423 Commerce Ave., In- 
dianapolis 1, Ind 


Write for catalog today 





929.K Connecticut Avenue + Bridgeport 2, Connecticut 
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NORTHERN NITRALLOY PUMPS 


Operating Advantages 

€ Precision manufacture. 

€ Universal interchangeability of 
pump sections. 

@ Prompt delivery of pumps and 
parts from stock. 


Capacities 


@ High pressure applications in all 
sizes from 1 G.P.H. to 100 G.P.M. 

è Capacities from 1 G.P. Hr. to 
100 G.P.M. 

€ Pressures to 2000 pounds on 
lubricating oil. 


Dynamometer Tested 


All Northern pumps are dyna- 
mometer tested to perform under 
duty conditions. 


Ш Write for Free Catalog 
and engineering data. 


STEEL BLOC RALLOY ROTARY PUMPS ore mode 
of solid steel on automatic machinery and built to extreme 
limits of accuracy. Measurements to one ten-thousandth of 
an inch are standard practice. Northern Pumps offer a design 
and type best suited for every rotary pump requirement. 


TRANSPORTATION HYDRAULIC 


INDUSTRIAL 
APPLICATIONS k 
APPLICATIONS APPLICATIO 


€ Diesel Engines @ Hydraulic Presses 
€ Naval Service * Machine Tools @ Hydraulic Power Units 


@ Hydraulic Grinders 
@ Hydraulic Testing Equipment 


@ Road Construction ү € Industrial Controls 
€ Airplane Controls e Lubrication 
€ Steering Gear @ Paint Pumps 


@ Hydraulic Mining Machinery 
@ Oil Burners 


Northern Nitralloy Steel Block Pumps are used in industries ranging from chemical laboratories to 
sandpaper manufacturing; and from oil refineries to corn syrups and condy industries. They are 
used fo pump propane, ink, asphalt, peanut butter, molten lead, shellac and countless other products 
Whatever your requirements, Northern Pump Company has the correct pump for any service. 


NORTHERN ORDNANCE INC. 
Subsidiary 


NORTHERN PUMP CO. 


Minneapolis, Minnesota 
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your best bet is 


Flex-O-Tube will help you 
determine the assembly 
needed or work to your 
own specifications. In 
either case, modern facil 
ities ond latest inspection 
techniques assure you о 
uniformly high quality 
product delivered promptly 


@\ A 


j € 


HI ENA 
و‎ ey 


Flex-O-Tube hose is also 
supplied in bulk coils with 
reusable fittings for field 
ossembly, Complete range 
of sizes and types 


FLEX-O-TUBE 


Any way you look at it, when the pressure’: 
on, your best bet is Flex-O-Tube. That’: 
because Flex-O-Tube stands for a depend. 
able product, delivered promptly and uni. 
form high quality. 


When the pressure's on for production, oir. 
craft men know that Flex-O-Tube deliveries 
are dependable . . . they know, too, that 
Flex-O-Tube stands for uniform high quality. 
And that's mighty important when tight 
schedules must be met and every hose as- 
sembly counts. 


Aircraft engineers can relieve the pressure, 
too, by calling on Flex-O-Tube's broad 
experience in determining designs of new 
hose assemblies. 


And in the air, where it really counts, Flex- 
O-Tube is a top performer under pressure. 
Miles and miles of Flex-O-Tube used in all 
types of aircraft have proven this beyond 
question. 


Why not call in Flex-O-Tube on your re- 
quirements . . . you can rely on the product 
—you can rely on the service. 


OF BULK HOSE, 
ASSEMBLIES AND FITTINGS FOR LOW, 


Catalogs and Bulletins continued 


(V-33) HYDRAULIC SvysTEMS— Wall 
chart will help operators and mainte 
nance men spot and cure common 
troubles. Sun Oil Co, 1608 Walnut 
St, Philadelphia 3, Pa 


(V-34) MARINE HOSE AND FITTINGS 

Catalog 300, 40 pp, contains speci- 
fications on lines and fittings for use 
with diesel fuel, lube oil, hydraulic 
fluid, LP-gas, Freon 12, and steam, salt, 
fresh and drinking water lines. Aero- 
quip Corp., 300 S. East Ave., Jackson, 
Mich 


(V-35) HIGH-PRESSURE AUTOMATIC 
LUBRICATORS— Bulletin 3А, 4 рр, de 
scribes in detail the cam mechanism 
that controls cycling. Two basic types, 
for frequent cycling and for infrequent 
cycling, are discussed in terms of feed 
requirements for specific machines 
Bijr Lubricating Corp, 151 W. 
Passaic St., Rochelle Park, N. J 


(V-36) O-Rincs—Data sheet 103, 6 
pp, provides detailed specifications of 
silicone rubber O-rings. Bacon Indus- 
tries, Inc., 192 Pleasant St., Watertown, 
Mass 


(V-37) FLEXIBLE Hose—Bulletin 60, 
6 pp, gives information and prices on 
hoses and ducts. Flexaust Co., 100 Park 
Ave., New York 17, N. Y 


V-38) Hose ASSEMBLIES—Catalog 
S-1, 8 pp, shows line of swaged hose, 
hose ends and adapters. Weatherhead 
Co. 128 W. Washington Blvd., Fort 
Wayne, Ind 


(V-39) METAL Hose—Catalog 152, 
12 pp, describes range of flexible metal 
hose products, along with coupling 
data. Flexonics Corp., 1351 S. 3 Ave., 
Maywood, III 


Caplets Lit 


MEDIUM AND HIGH PRESSURE USE 


AUTOMOTIVE—Fuel, Oil, Filter, Brake 
and Window Lift Lines, Air Conditioning 
and Power Steering Hose Assemblies 


AIRCRAFT—Low, Medium and High 
Pressure Hose Assemblies, Bulk Hose 
and Reusable Hose Fittings, Oxygen 
Hose Assemblies 


INDUSTRIAL—Complete line of 
crimped and reusable fittings and hose 
assemblies for low, medium and high 
pressure uses 


DIVISION OF 
MERIDAN CORP. 


PLANTS: 
N. Hollywood, Calif. 
Windsor, Ont., Canada 


J84 


2527 JIM DALY ROAD + 


COUPLINGS—Reusable, Pressed-on, 
Clamp type, Flange type 
FITTINGS—SAE 37° and 45° Flare, 
SAE Inverted, Flareless, SAE Bulkhead, 
Adapter Unions, Push-on, "AF'" Hose 
End, Tube Connectors 

SPECIAL FITTINGS—Custom made 
to your design or developed for special 
applications 

TEFLON” HOSE—And Hose Assem 
blies for use from —100°F to 450°F 


*DU PONT TRADE MARK LICENSED BY RESISTOFLEX CORP 


FLEX-O-TUBE 


REGISTERED TRADE MARK 


INKSTER, MICHIGAN 


(V-40) MIDGET SOLENOID VALVE 
Bulletin 8314, 2 pp, describes three- 
way valve and provides explosion proof 
approvals and pressure ratings. Auto 
matic Switch Co., 391 Lakeside Ave., 
Orange, N. ] 


(V-41) HYDRAULIC PUMPS — Bul- 
letin DP-320, 2 pp, describes a dual 
vane pump designed for high speed 
direct engine drive, which can be op- 
erated continuously at 2000 psi and at 
maximum speeds from 2000 to 2600 
rpm depending upon size. New York 
Air Brake Co., 1100 E. 222 St., Cleve- 
land 17, Ohio 
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/ Leak-proof Кызы Dyna-seals 


solve countless sealing problems 


Ф Precision 
P Dyna-seal 


Dyna-seal before bolt Bolt head drawn down How pressure forces sealing 
head is drawn down — with pressure applied lips against surfaces 


Typical Dyna-seal Applications 


Vibration Proof, Lock Washer Action 


Dyna-seals bring to an end an age-old leakage 
problem on face-to-face connections. They provide a 
positive and economical liquid or vapor seal against 
a steady or pulsating pressure of up to 10,000 P.S.I. 


The practical Precision Dyna-seal is an easy-to- 

" > 25 Dyna-sea's provide uncompromising 
handle one piece unit, consisting of a flared rubber bet A ghi cn 
sealing ring, heat and pressure bonded to a steel 
washer. No grooves or special machining required. 
Permanent, leak-proof sealing without excess stress. 
(Bolting torque is reduced.) Simplicity of the Precision 


Dyna-seal greatly reduces tooling and assembly costs. 


heads of the nuclear submarine 
Seawolf periscope mounting 


Dyna-seals give exacting performance under bolt 

and rivet heads, cap nuts, flanges or special fittings. 

Let a Precision engineer demonstrate the Dyna-seal cost 

and labor saving advantages to you. Write today! 
30 Dyna-seals solve plug-leakage 


problem on The NATCO Hydraulic 
Control Unit manifold 


l recision Rubber Products 
Corporation * "O" Ring and Dyna-seal Specialists 


Canadian Plant at: 
$te. Thérése de Blainville, Québec 
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NO METAL TO METAL SEAL 


NOT NECESSARY TO CUT 
TUBE SQUARE 


NO CONCENTRATION OF 
STRESSES DUE TO FLARES 


OR FERRULES FOR TUBE FAILURE 


SEAL AND GRIP ARE 
SEPARATE 


HELD BY FRICTION GRIP 
OF THESE TWO 


NO EXACT TUBE LENGTH 
NECESSARY 


See full catalog page in Thomas Register at Fittings: Hydraulic 


DO YOU KNOW ABOUT 
LENZ REDUCER COUPLINGS? 


y 


Reducer couplings ore adapters for standord 


bodies, making possible line reductions on . 


ony leg by use of standard adapters and 


adapter nuts, 


Stop 
this 
Dirt 

Streak 

at the 
Ring 
Joint 


Showing 6 of the many FALL “Closed 
Jeint" Wiper Rings for Industrial Hy- 
draulie and Air Use with ‘Squeeze Grip 
Action” on the piston rod. 


کے 
RING DESCRIPTION‏ 
$6—''Squeeze Grip."‏ 
2—F ront side of ring‏ 
3—Closed Joint is in ring‏ 
Flange (or plate) holds ring in cavity‏ —4 
5—Rubber seal compressed in restricted area‏ 
H—inside dia. of flange at bevel end‏ 
(see Z4 above)‏ 
D—Depth of Cavity for holding ring‏ | 
£—1.D. of cavity for holding ring‏ 
R—Ring 1.0. and /or rod 0.0‏ | 
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FALL Industrial W iper 
Rings have a "closed joint 
therefore contact entire rot 
O.D. and remove ice, dirt 
and othe 
stubborn 
stances ac 
ing to ro 
When needed 
certain of our 
"rubber seal" features are 
added to ring to "seal out" 
dust, sand, etc. preventing 
passage AROUND ring. Ti 
“seal out” liquids we add 
still another rubber 
feature preventing 


THROUGH ring 


SPRING 
LOADED 


seal 


passage 


Squeeze Grip 
Action Does It 


and squeeze 
rip is always 
the same be- 
cause of uniform 
tension of spring 
on ring at all 
Times 
Our engineers will gladly work 
with you on any wiper ring prob 
lem. Write, wire or phone us 
Ace Products Company, 
Dept. D, Toledo 1, Ohio 
Phone Cherry 3-6513 
You can depend on ACE 
PRODUCTS * Estab. 1935! 
ALL FALL Wiper Rings are cov 


ered by patents issued or patents 
pending 


Reusable collett, holds by friction grip up to bursting pressure of tubing. 


as RM 


A HACKSAW AND A FILE IS ALL YOU NEED | 


Excessive wrench torque is unnecessary for seal does not depend upon | 
tightness of the nut, The higher the pressure the tighter the grip. Solve | 


your hydraulic piping problems the easy way .. . with ease of assembly... | 


no matching of exact tube lengths . . . simple leakproof connection for 


the life of the tube. | 


{ 
LENZ FITTINGS MAKE THE JOB AS SIMPLE AS A з «ў 


LENZ COMPANY 


3307 KLEPINGER RD., DAYTON 1, OHIO 
ORegon 9364 


CONAX 


EXPLOSIVE VALVES 


PATENTS 
PENDING 


The CONAX EXPLOSIVE VALVE is a light-weight valve that 
operates instantancously upon the firing of a small, completely 
contained explosive squib. The “Normally Closed” model pro- 
vides dead-tight shut-off before firing and may be used for long 
term storage of gas or liquid under high pressure. Weighs only 5 
ounces . Operating pressures to 6000 
psi... proof pressure to 10,000 psi... ZERO LEAKAGE at 10,000 


psi . . . smallest possible envelope size. 


Write for Catalog 5501-XV 


releases in .002 seconds 


EXPLOSIVE PRODUCTS DIVISION 


CONAX CORPORATION 
7811P SHERIDAN DRIVE, BUFFALO 21, N. Y. 
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Series $V.1000 4 Way Brass Body 


Series $V-3600 
2 Way Metal or Plastic Body 


Series $V-3500 
Freon Valve for refrigeration 


Industry proven VALCOR Solenoid Valves 
offer the greatest possible performance-to- 
size-to-cost ratio in the entire field. This 
high standard of performance is a result of 
a unique and exclusive combination of 
features found in no other valve. 


VALCOR Solenoid Valves are designed to 


solve or simplify your system design 
problems. 


Write us today and learn why you should 
GET VALCOR INTO YOUR SYSTEM! 


SOLENOID VALVES 


ENGINEERING CORP. 
Carnegie Avenue, Kenilworth, New Jersey 
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For Precige SPEED and 
TIME DELAY CONTROL 


OF AIR OR HYDRAULIC 
CYLINDERS 


TIME D 
CONTROL SWITCHES 


Pneu-Trol Valves combine in 
& short, compact body, a ta- 
pered fine thread needle for 
extremely accurate air or oil 
flow control and a floating 
retro ball check, which 
permits full flow in the opposite 
direction. Retro ball floats in 
most sensitive position to seat, 
requiring only a slight differ- 
ential pressure to fully open 
or close it. Check valves and 
needle valves, incorporating 
single function features of 
Flow Control Valve are also 
available. All valves made in 
5 female pipe sizes: 14" to 34° 
Valve bodies made from brass, 
aluminum, steel or stainless 
steel. 


TIME DELAY 
CONTROL SWITCH 
FOR PRECISE DELAY 
OF WORK CYCLE 


Any la ey Actuation 
Provide controlled adjustable 
time dwell of solenoid operated Shown) 
air or oil supply valves. Range 
between !4 and 60 seconds in { TS  Upthtust 
20 to 1 ratios. Compact— M 
simple—foolproof—rugged 
Easily mounted on machine. 
Available for various types of x pe LH i 
actuation. Typical diagram و‎ — 


: Е Туре 10 
ЕЕ: { Downthrust 


Write for catalogs and complete details 


m US SERES 


1440 N Keating Av Chicago 51 III 





FOR FAST HELP 
ON DESIGN PROBLEMS 


. . . Consult the 
PRODUCT INDEX 


of this DESIGN DIGEST 
ISSUE 


(Begins on Page 12) 


Every product advertised in this 
issue is indexed there for ready 
reference. 


Among them may be exactly 
what you need right now. 


The advertisements for all these 
products will give you many useful 
ideas . . . and more information is 
quickly available from each adver- 


tiser. 


To get any additional facts 
you want, use the handy post cards 
in front of this issue, or the cou- 
pons you'll find at the end of each 
DESIGN DIGEST ISSUE Section. 
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USE TIME-SAVING 
COUPONS BELOW 


. . . fo request further information оп 


all products advertised in this Digest Section 


. . . fo request your copies of product catalogs 


and bulletins listed and described in this section 


( you will find similar coupons at the end of each Digest Section ) 


Consult the Product Index begin- If you have specific questions to ask about any 
ning on page 12, when you want product advertised, a letter direct to the manu- 
all available information on a facturer, at the address given in his advertise- 
particular type of product; this ment, will be welcome. For clarity and prompt 
Product Index is your guide to all service, include reference to PRODUCT ENGI- 
advertisements in this Design Di- NEERING's Product Design Digest Issue, and 
gest Issue by manuíacturers oí page number oí the advertisement prompting 
this type of product. your letter. 


Circle these numbers for further information about 
advertisers appearing in this section 


330-1 J32 J33 234-5 J36 237 238-9 J40 
342 343 344 345 346-7 J48 349 J50 
J52 J53 354 J55 556 457 258 159 
361 JT62 J63 J64 165 

JTR68 JBR68 JL70 JR70 J71 372 J3 
JBL74 JBR74 JL76 JTR76 JBR76 

J79 280 

28886 187 


Circle these numbers for your copy of bulletins 
listed in this section 


v1 v2 v3 v4 
V10 V12 

v20 

v29 

V38 


COMPANY 
BUSINESS ADDRESS 


CITY, STATE 


Circle these numbers for further information 
advertisers appearing in this section 


330-1 J32 433 434-5 J36 437 438-9 J40 
J42 J43 344 345 546-7 J48 349 J50 
J52 353 355 556 357 358 359 
361 3762 363 164 265 267 
JTR68 JBR68 3870 J71 372 J73 
JBL74 JBR74 JTR76 JBR?76 377 51178 
379 280 

28886 J87 


Circle these numbers for your copy of bulletins 
listed in this section 


V1 v2 v3 v4 
V11 V12 
v20 v21 v22 
v29 
v38 v39 v40 


COMPANY 
BUSINESS ADDRESS 


CITY, STATE 





Product Engineering 
plus 
the exclusive 
Design Digest Issue 
adds up to 


BETTER PRODUCTS 


The reason more product-design engineers 
subscribe to Product Engineering than to 


any other design magazine in the world! 
J90 Product Design Digest Issue 








